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ACADEMICIAN  NIKOLAI  DMITREVICH  ZELINSKY 


(On  his  90th  Birthday) 


This  February  the  scientific  world  and  the  public  opinion  of  the  Soviet  Union  . 
will  mark  the  ninetieth  birthday  and  nearly  the  seventieth  anniversary  of  the  scien¬ 
tific,  pedagogical,  and  civic  activity  of  Academician  Nikolai  Dmitrevich  Zelinsky, 
Hero  of  Socialist  Labor  and  Professor  of  Moscow  University. 

Nikolai  Dmitrevich  Zelinsky’s  name  is  indissolubly  bound  up  with  the  develop¬ 
ment  of  organic  chemistry,  chiefly  with  the  development  of  petroleum  chemistry  and 
organic  analysis  and  with  resegirch  on  the  structure  of  proteins. 

Nikolai  Dmitrevich  was  born  in  the  city  of  Tiraspol  in  l86l.  After  completing 
the  Tiraspol  District  School,  and  then  the  Odessa  gymnasium,  he  entered  Novorossisk 
University  (in  Odessa),  from  which  he  was  graduated  in  l884.  While  still  a  student, 
Nikolai  Dmitrevich  became  interested  in  organic  chemistry  and  completed  his  first 
scientific  paper  "On  the  Product  of  Adding  Methylamine  to  Methylglycldic  Acid"  under 
the  guidance  of  Prof.  Melikova  (Melikashvili) ,  which  was  printed  in  l884  in  the 
Journal  of  the  Russian  Physico-Chemical  Society . 

After  graduation,  Nikolai  Dmitrevich  went  abroad  on  a  faculty  scholarship  to 
specialize  in  organic  chemistry  under  Profs.  J.  Wislicenus  (Leipzig)  and  W. Meyer 
(Goettingen).  While  working  in  Prof.  Meyer's  laboratory,  Zelinsky  synthesized 
0 3 ’ -dichlorodiethyl  sulfide  for  the  first  time;  this  was  later  called  "yperite" 
(during  the  First  World  War),  and  Zelinsky  himself  suffered  severe  burns  during 
its  synthesis. 

Upon  his  return  from  abroad,  in  I889,  Zelinsky  defended  his  master’s  thesis 
entitled  "The  Problem  of  Isomerism  in  the  Thiophene  Series."  In  this  original 
work,  devoted  to  compounds  that  were  but  little  known  at  the  time'  (thiophene  had 
been  discovered  in  I885),  Nikolai  Dmitrevich  Zelinsky  pointed  out  the  analogies  be¬ 
tween  the  properties  of  benzene  and  thiophene.  This  thesis  was  the  foundation 
stone  for  the  subsequent  evolution  of  the  chemistry,  of  heterocyclic  compounds. 

Soon  after  defending  his  master's  thesis,  Nikolai  Dmitrevich,  still  a  young, 
scientist,  began  work  in  a  new  field  -  the  stereoisomerism  of  organic  acids.  At 
that  time  stereochemistry  was  a  new  and  promising  branch  of  organic  chemistry. 

Some  scientists  accepted  the  concepts  of  Stereochemistry  with  difficulty  and  reluc¬ 
tantly,  at  times  even  with  hostility.  Despite  this,  Nikolai  Dmitrevich  Zelinsky 
started  upon  this  new  road  and  in  189I  submitted  his  doctoral  dissertation,  "Re¬ 
searches  on  the  Phenomena  of  Stereoisomerism  in  Unsaturated  Carbon  Compounds."  In 
this  dissertation  Zelinsky  reached  the  conclusion  that  "the  composition,  structure, 
mass,  crystalline  form,  and  spatial  arrangement  of  the  atoms  and  atom  groups... 
are  the  foundation  for  the  development  of  one  of  the  most  interesting  branches  of 
chemical  mechanics,"  which  "opens  up  wide  horizons  for  deeper  understanding  of  our 
notions  of  the  chemical  particle  and  its  dynamics,  while  the  statistical  concepts 
of  the  theory  of  structure  will  be  provided  with  real  dynamic  meaning." 

Working  under  the  conditions  of  that  time,  Zelinsky  was  able  to  complete  this 
dissertation  only  thanks  to  his  great  experimental  skill.  His  conclusions  were  en¬ 
tirely  new  and  original  and  promoted  the  spread  of  stereochemical  concepts  here  at 
home . 


His  ability  to  investigate  theoretical  problems  profoundly^  to  generalize  from 
scientific  facts,  and  to  foresee  the  paths  along  which  the  science  would  develop, 
together  with  his  brilliance  as  an  experimenter,  all  favored  the  young  scientist's 
career.  Talented  young  men  began  to  flock  about  him,  aiding  him  in  his  research. 
Among  his  students  during  this  initial  period  of  his  scientific  career  were  A.M. 
Bezredka,  A.A.Bychikhin,  A.G.Doroshevsky,  and  S.G. Krapivin. 

At  the  same  time  as  he  began  his  brilliant  scientific  career,  Zelinsky  began 
his  activity  as  a  teacher.  In  l888,  he  was  appointed  a  lecturer  at  Novorossisk 
Iftiiversity,  and  in  1895  he  was  appointed  adjunct  professor  of  Moscow  University,  at 
the  recommendation  of  Prof.  N.A.Menshutkin,  and  moved  from  Odessa  to  Moscow. 

As  Nikolai  Dmitrevich  recalls,  the  students  and  laboratory  assistants  of  the 
chairs  of  organic  and  analytical  chemistry  at  Moscow  University  gave  him  a  cordial 
welcome.  He  was  very  glad  to  see  students  coming  to  him  presently  with  the  request 
for  permission  to  work  under  his  guidance.  These  students  included  N. A. Shilov, 
L.A.Chugaev,  F.A.Korbe,  and  others.  They  were  talented  youngsters,  according  to 
Nikolai  Dmitrevich,  who  felt  a  powerful  attraction  toward  theoretical  and  experi¬ 
mental  work.  The  number  of  students  desiring  to  work  under  Nikolai  Dmitrevich 
Zelinsky  grew  rapidly. 

This  marked  the  beginning  of  the  intensive  and  manysided  scientific  and  teach¬ 
ing  careers  of  Nikolai  Dmitrevich,  who  staked  out  for  himself  a  whole  field  in  the 
development  of  organic  chemistry.  Zelinsky's  lectures  on  organic  chemistry  were 
simple  in  form,  but  full  of  extensive  and  profound  knowledge.  They  were  always 
illustrated  by  a  wealth  of  preparations  and  accompanied  by  interesting  demonstra¬ 
tions.  During  his  lectures  he  always  reported  on  the  latest  scientific ‘achieve¬ 
ments,  thus  awakening  interest  in  his  subject  among  his  youthful  auditors.  Nikolai 
Dmitrevich  Zelinsky  devoted  much  attention  to  the  practical  laboratory  work  of 
his  students.  He  was  the  first  professor  in  the  University  of  Moscow  to  place  lab¬ 
oratory  work  on  an  adequately  high  level;  the  students  prepared  25-50  organic  prep¬ 
arations,  tiien  studied  organic  analysis,  and  only  after  this  had  been  completed 
did  the  proffessor  assign  them  the  themes  of  their  diploma  theses.  '  !I3ie -procedure 
established  by  Zelinsky  for  laboratory  exercises  in  organic  chemistry  in  the  Univ¬ 
ersity  of  Moscow  is  still  in  use  today. 

It  was  not  without  apprehension  that  students  approached  Nikolai  Dmitrevich 
Zelinsky  for  the  themes  of  their  diploma  theses.  But  after  the  very  first  days 
spent  in  the  laboratory  this  feeling  would  vanish,  never  to  return.  Zelinsky's 
naturalness  and  attentiveness,  his  endeavors  to  explain  and  inculcate  the  habits 
and  methods  necessary  for  a  yo\mg  researcher  made  them  grow  to  like  scientific 
work . 

Though  demanding  and  implacably  severe,  especially  when  the  clarity  of  an  ex¬ 
periment  was  involved,  Nikolai  Dmitrevich  Zelinsky  had  a  remarkable  ability  to 
guide  youngsters  along  the  path  of  their  own  creative  initiative,  untiringly  fol¬ 
lowing  the  development  of  the  work  done  by  each  of  his  young  assistants.  His  ex¬ 
ample  inspired  all  of  those  who  worked  with  him.  Nikolai  Dmitrevich  was  severe 
emd  demanding  in  all  matters  connected  with  scientific  work.  But  at  the  same  time 
he  entered  into  the  personal  problems  of  his  pupils  with  attentiveness,  solicitude, 
and  warm  participation.  -  * 

The  scientific  activity  of  Nikolai  Dmitrevich  Zelinsky  is  too  extensive, 
varied,  and  manysided  to  be  comprehensively  described  within  the  confines  of  a 
brief  survey.  Zelinsky  has  published  more  than  500  research  papers.  This  enormous 
number  of  papers  is  characterized  by  the  variety  of  topics  dealt  with,  on  the  one 
hand,  and  by  their  theoretical  and  practical  timeliness  on  the  other.  / 

The  first  Mowcow  period  of  Nikolai  Dmitrevich  Zelinsky' s  career  lasted  eighteen 
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years  (1893-1911)*  Organic  synthesis  and  the  chemistry  of  petroleum  were  his  prin¬ 
cipal  fields  of  interest  at  the  time. 

An  outstanding  pupil  of  Zelinsky's  at  the  time  was  S.S.Nametkin,  an  eminent  re¬ 
searcher  in  the  chemistry  of  petroleum  and  terpenes,  who  has  since  been' elected  to 
the  Academy  of  Sciences.  Nikolai  Dmitrevich  and  Nametkin  have  been  warm  friends 
ever  since. 

In  order  to  shed  light  upon  the  nature  of  the  (primarily  cyclic)  hydrocarbons 
in  our  Caucasus  petroleums,  Nikolai  Dmitrevich  Zelinsky  synthesized  standard  samples 
of  numerous  hydrocarbons,  mainly  cyclopentanes  and  cyclohexanes,  so  that  their  prop¬ 
erties  could  be  compared  with  those  of  the  hydrocarbons  in  the  petroleums  in  ques¬ 
tion. 

Nikolai  Dmitrevich  employed  varied  methods  to  synthesize  the  hydrocarbons,  some 
of  them  proposed  for  the  first  time.  His  fundamental  work  on  the  synthesis  of  the 
naphthenes  has  been  one  of  the  principal  steps  in  the  development  of  our  knowledge 
of  the  composition  of  petroleum.  His  work  on  the  ketonization  of  the  naphthenes  and 
the  conversion  of  naphthenes  into  alcohols  and  acids  comes  under  this  same  heading. 

In  his  researches  on  the  chemistry  of  petroleum  Zelinsky  has  continued  the 
glorious  traditions  of  Russian  organic  chemists.  But  it  was  only  after  the  great 
socialist  revolution  of  October,  1917  that  these  researches  were  fully  developed  and 
applied. 

In  addition  to  his  synthetic  researches,  in  1911  Nikolai  Dmitrevich  resumed  the 
research  project  he  had  started  in  I898  on  the  catalytic  properties  of  palladium. 

In  that  year^  the  Journal  of  the  Russian  Chemical  Society  published  a  paper,  "Dehydro¬ 
genation  by  Catalysis,"  in  which  Zelinsky  reported  on  this  major  discovery  —  the  de¬ 
hydrogenation  of  hexahydro  aromatic  hydrocarbons  with  palladium  and  platinum.  Recol¬ 
lecting  that  period,  Nikolai  Dmitrevich  recounts  that  he  set  aside  all  other  work 
and  concentrated  on  that  problem^  he  had  to  do  so,  as  this  was  the  time  (I9II)  when 
he  had  to  leave  the  laboratory  he  had  established  in  the  University  of  Moscow. 

This  was  the  era  of  periodic  reactionary  attacks  against  Moscow  University. 

The  entire  administration  of  the  university  was  dismissed  by  order  of  the  Minister 
of  Education. 

In  protest,  the  leading  professors  emd  instructors  resigned.  One  of  them  was 
Nikolai  Dmitrevich  Zelinsky. 

Zelinsky  moved  to  St.  Petersburg,  where  he  lived  from  1912  to  1917*  There  he 
held  a  post  as  director  of  the  Central  Laboratory  of  the  Ministry  of  Finances,  at 
the  same  time  holding  the  modest  chair  of  staple  commodities  in  the  Economics  Faculty 
of  the  Polytechnic  Institute.  This  is  the  period  in  which  he  did  his  research  on 
the  nature  of  petroleum,  with  the  objective  of  preparing  aromatic  compounds,,  and  on 
the  hydrolysis  of  proteins,  in  which  he  discovered  activated  charcoal  and  investi¬ 
gated  its  properties,  and  in  which  he  began  his  research  on  the  condensation  of 
acetylene  with  activated  charcoal,  which  was  later  completed  in  Moscow. 

During  the  ipiperialist  war,  in  1915 ^  when  poison  gas  had  to  be  dealt  with, 

Nikolai  Dmitrevich  set  about  making  a  universal  gas  mask  that  would  protect  the  wearer 
from  any  poison  gas  then  known,  no  matter  what  its  composition. 

Zelinsky  made  his  first  report  on  charcoal  as  a  universal  agent  to  counter  the 
effects  of  poison  gas  in  August,  1915*  This  was  followed  by  persistent,  unremitting 
labor  to  find  ways  and  means  of  increasing  the  absorptive  properties  of  charcoal  and 
ways  of  activating  it.  The  famous  Zelinsky  gas  mask  was  the  result  of  this  self- 
denying  labor,  in  which  S . S . Stepanov ,  Zelinsky’s  laboratory  assistant  for  many  years, 
participated. 
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In  February,  I916  this  gas.  mask  was  adopted  as  part  of  the  equipment  of  the 
Russian  Army,  and  from  the  time  the  army  was  actually  supplied  with  gas  masks,  Nik¬ 
olai  Dmitrevich  received  many  touching  expressions  of  gratitude  from  men  who  had 
had  occasion  to  test  the  remarkable  action  of  the  new  gas  mask  in  battle.  The  Zelin¬ 
sky  gas  mask  saved  hundreds  of  thousands  of  lives. 

The  activated  charcoal  discovered  by  Zelinsky  has  also  been  widely  employed  in 
industry  as  an  excellent  absorbent  and  catalyst. 

In  1917,  Nikolai  Dmitrevich  Zelinsky,  like  so  many  of  his  associates  who  had 
left  Moscow  University  in  1911;  was  able  to  return  to  his  former  professorship.  He 
was  a  representative  of  those  prominent  members  of  the  Russian  intelligentsia  who 
supported  the  October  Revolution  from  the  very  first  days  without  hesitation  and 
contributed  to  the  advancement  of  Soviet  science  and  the  nation's  economy. 

The  Soviet  period  -  the  even  more  fruitful  period  -  of  Nikolai  Dmitrevich  Zel¬ 
insky's  career  began  with  his  return  to  Moscow.  Together  with  his  associates,  he 
set  about  fulfilling  various  commissions  of  a  technical  and  industrial  nature, 
arising  from  Socialist  construction. 

Thus,  at  the  beginning  of  the  Civil  War  (1918),  Nikolai  Dmitrevich  Zelinsky 
undertook  a  comprehensive  research  project,  at  the  request  of  the  People's  Com¬ 
missar  of  War  and  the  Navy,  on  the  production  of  synthetic  gasoline.  After  consid¬ 
ering  the  destructive  cracking  of  high-molecular  petroleum  residues,  Zelinsky  came 
to  the  conviction  that  solar  oil,  fuel  oil,  and  other  high-molecular  compounds 
could  be  broken  down  into  simpler  ones  by  the  action  of  aluminum  chloride  and  rel¬ 
atively  low  temperatures.  The  reaction  product  proved  to  be  a  mixture  of  volatile 
hydrocarbons^  boiling  in  the  25-180°  range,  their  yield  being  some  65^.  Thus,  dur¬ 
ing  the  Civil  War,  with  the  country's  economy  in  collapse,  when  the  oil  fields 
were  cut  off  from  the  center  of  the  country,  Nikolai  Dmitrevich  was  the  first  to 
point  out  a  new  method  for  producing  gasoline,  which  proved  its  worth  under  indus¬ 
trial  conditions  and  ensured  a  supply  of  synthetic  fuel  for  the  Soviet  Air  Force. 

Researches  on  the  chemistry  of  shale  oil,  especially,  its  desulfurization,  re-  , 
searches  on  the  aromatizatlon  of  petroleum  and  its  individual  fractions  by  means  of 
catalytic  dehydrogenation  (at  the  request  of  Soyuzneft),  the  synthesis  of  dimethyl- 
indigo  from  xylene,  the  contact  oxidation  of  naphthalene  by  atmospheric  oxygen  into 
phthalic  anhydride  (at  the  request  of  the  Aniline  Trust),  and  many  other  projects 
were  completed  in  this  field. 

The  second  Moscow  period  of  Nikolai  Dmitrevich  Zelinsky's  career  was  marked  by 
the  development  and  application  of  catalysis  in  organic  chemistry.  Here  we  have, 
mainly,  Zelinsky' s  researches  on  catalytic  hydrogenation  and  dehydrogenation,  as 
well  as  his  discovery  of  "irreversible  catalysis". 

All  of  Zelinsky's  work  on  catalysis  is  permeated  by  the  concept  of  the  exist¬ 
ence  of  a  link  between  the  form  of  a  molecule  and  its  catalytic  conversions.  He 
regards  a  change  in  the  molecule's  form  as  the  reason  for  catalysis.  These  ideas 
of  Zelinsky's  on  the  cause  of  contact  catalytic  action  approximate  the  views  of 
D. I .Mendeleev  on  the  subject. 

Nikolai  Dmitrevich  Zelinsky' s  pupils  and  associates  had  the  good  fortune  to 
observe  the  gradual  establishment  and  development  of  the  field  of  organic  catalysis 
and  to  work  under  the  guidance  of  so  remarkable  a  chemist  and  a  man  as  Nikolai 
Dmitrevich  Zelinsky. 

Nikolai  Dmitrevich  pointed  out  a  long  time  ago  that  the  best  catalysts  for 
hydrogenation  in  the  gas  phase  were  platinum  and  palladium.  A  large  number  of 
carbocyclic  and  heterocyclic  compounds  has  been  hydrogenated  with  these  catalysts. 
Subsequently  Zelinsky  proposed  a  new  osmium  catalyst,  which  possesses  extremely 
pronounced  hydrogenating  properties.  This  catalyst  can  be  used  to  hydrogenate  many 
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compounds  in  the  cold,  to  hydrogenate  some  heterocyclic  compounds  that  are  hard  to 
hydrogenate  without  rupturing  their  rings  (sylvan  and  tetrahydrosylvan) ,  and  to  per¬ 
form  other  hydrogenations. 

A  large  amount  of  experimental  data  on  catalytic  hydrogenation  enabled  Zelinsky 
to  arrive  at  an  interesting  conclusion  regarding  the  opening  of  rings  during  this  re¬ 
action.  He  found  that  the  ease  with  which  rings  are  opened  diminishes  successively 
as  we  pass  from  three -membered  to  four-membered,  f ive-membered,  and  six-membered  rings. 

The  hydrogenation  of  cyclopentane  and  its  derivatives,  which  involves  the  rup¬ 
turing  of  the  cycle  and  the  formation  of  paraffin  hydrocarbons,  deserves  special  at¬ 
tention.  This  reaction  may  be  employed  to  improve  automotive  gasolines. 

V  , 

Nikolai  Dmitrevich  Zelinsky' s  researches  on  the  catalytic  dehydrogenation  of 
numerous  derivatives  of  cyclohexane  and  of  bi-  and  tricyclic  hydrocarbons  containing 
a  hydroaromatic  ring,  as  well  as  the  dehydrogenation  of  heterocyclic  compounds  with 
f ive-membered  and  six-membered  rings,  constitute  a  major  contribution  to  organic 
catalysis.  The  dehydrogenation  experiments  were  performed  with  platinum,  palladium 
and  nickel  on  alumina.  N.D. Zelinsky  was  the  first  to  suggest  the  use  of  the  latter, 
which  has  proved  its  value  in  catalytic  hydrogenation  and  dehydrogenation. 

In  view  of  its  great  importance  the  dehydrogenation  reaction  has  been  studied, 
both  qualitatively  and  quantitatively,  in  many  individual  hydrocarbons. 

In  addition  to  their  theoretical  significance  in  shedding  light  upon  the  mech¬ 
anism  of  catalytic  reactions,  these  researches  on  catalytic  dehydrogenation  have 
been  put  to  practical  use.  They  are  employed  to  ascertain  the  chemical  nature  of 
petroleums,  especially  the  petroleums  of  new  oil  fields,  as  well  as  to  ensure  the 
correct  utilization  of  petroleum  hydrocarbons  (catalytic  aromatlzation) .  These  re¬ 
searches  on  the  dehydrogenation  of  petroleum  crudes  provided  an  inexhaustible  source 
for  the  production  of  aromatic  hydrocarbons  used,  as  we  know,  in  the  aniline-dye  in¬ 
dustry,  and  in  the  manufacture  of  pharmaceutical  preparations,  explosives,  many 
types  of  plastics,  etc. 

The  singular  reaction  involving  the  simultaneous  hydrogenation  and  dehydrogen¬ 
ation  of  incompletely  saturated  derivatives  of  cyclohexane,  which  N.D. Zelinsky  has 
called  "  irreversible  catalysis”,  sheds  light  upon  the  role  of  the  catalyst  in  these 
proceses  as  well  as  upon  the  features  of  the  hydrocarbons  in  this  group. 

In  his  study  of  the  properties  of  VEurious  catalysts  and  of  the  effect  of  the 
methods  used  for  their  -preparation  upon  their  activity,  Zelinsky  showed  that  so- 
called  catalyst  fatigue  is  a  regular  phenomenon,  taking  place  as  a  result  of  the 
deformation  of  the  carbon  molecules,  the  fragments  of  which  cover  the  surface  of 
the  catalyst  with  a  carbonaceous  film.  In  1925 ^  he  was  the  first  to  suggest  a  way 
of  combatting  this  phenomenon  by  burning  such  films  away.  This  method  is  widely 
used  at  the  present  time  in  Industry  to  regenerate  catalysts. 

Moreover,  catalysis  is  closely  bound  up  with  organic  synthesis  for  Nikolai 
Dmitrevich ;  he  synthesizes  substances  in  order  to  carry  out  various  catalytic  reac¬ 
tions  with  them,  on  the  one  hand,  and  on  the  other,  he  solves  major  synthesis  prob¬ 
lems  by  means  of  catalysis. 

Several  other  reactions  come  under  the  heading  of  organic  catalysis;  the  con¬ 
tact  condensation  of  acetylene  with  aromatic  hydrocarbons  in  the  presence  of  acti¬ 
vated  charcoal 5  the  reduction  of  organic  compounds  containing  oxygen  with  the  same 
contact  agentj  the  isomerization  of  various  ring  hydrocarbons  into  compounds  with 
six-membered  rings  by  halogen  salts  of  aluminumj  the  cleavage  of  organic  compounds 
by  aluminum  chloride,  etc. 

Nikolai  Dmitrevich  isolated  hydrocarbon  fractions  that  greatly  resembled  pet¬ 
roleum  by  reacting  aluminum  chloride  with  cholesterol,  phytosterol,  rubber,  resin 
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acids j  and  other  compounds.  In  all.  of  these  cases,  optically  active  initial  mater¬ 
ials  yielded  optically  active  petroleum.  All  this  compelled  Zelinsky  to  abandon  the 
inorganic  theory  of  the  origin  of  petroleum  and  become  a  supporter  of  the  organic 
theory. 

The  catalytic  reactions  investigated  by  N.D. Zelinsky  also  Include  the  catalytic 
desulfurization  of  high-sulfur  oils.  This  method  involves  catalytic  hydrogenation 
at  atmospheric  pressure  and  relatively  low  temperatures.  This  method. is  of  tremend¬ 
ous  practical  importance.  It  opens  the  way  for  the  wide  employment  of  high-sulfur 
crudes  in  internal-combustion  engines. 

Thus  the  phenomena  of  catalysis  and  the  study  and  development  of  petroleum  chem¬ 
istry  have  been  favorite  research  subjects  throu^out  N.D. Zelinsky' s  lifetime.  These 
two  fields  of  work  are  closely  interwoven  in  his  activity,  constituting  a  single  sub¬ 
ject  in  essence.  Zelinsky's  researches  have  enriched  the  fields  of  organic  catalysis 
and  petroleum  chemistry  with  a  vast  quantity  of  theoretical  and  practical  material 
and  have  made  him  one  of  the  founders  of  these  important  branches  of  chemistry. 

All  the  topics  of  N.D. Zelinsky' s  researches  discussed  up  to  now  have  dealt,  in 
the  main,  with  the  chemistry  of  hydrocarbons,  chiefly  those  of  cyclic  structure. 

The  breadth  of  Zelinsky's  scientific  interests  includes  a  region,  however,  that 
seems  to  be  far  removed  from  his  usual  fields  of  interest  -  the  protein  compounds, 
and  he  has  been  able  to  make  important  contributions  in  this  field.  The  so-called 
autoclave  hydrolysis  of  prpteins  bears  his  name,  taking  place  in  the  presence  of 
dilute  acids  at  somewhat  higher  pressure  and  at  temperatures  of  the  order  of  l80° . 
Under  these  conditions  proteins  break  down  into  amino  acids  and  diketopiperazines. 
Nikolai  Dmitrevich  Zelinsky  was  the  first  to  advance  the  notion  that  these  compounds, 
like  the  peptides,  are  constituents  of  the  complicated  protein  molecule.  These  re¬ 
searches  have  opened  a  new  chapter  in  the  study  of  the  structure  of  the  protein 
molecule . 

The  problem  of  synthetic  rubber  is  an  extremely  acute  one  in  the  Soviet  Union, 
and  it  was  natural  that  Zelinsky  could  not  fail  to  take  part  in  solving  it.  He 
established  a  laboratory  in  which  methods  of  preparing  various  kinds  of  synthetic 
rubber  were  elaborated.  Research  on  the  production  of  the  raw  materials  for. the 
synthesis  of  rubber  from  non-foodstuffs  is  now  under  way  in  Zelinsky's  laboratory,, 
with  his  immediate  participation. 

In  addition  to  the  major  lines  of  endeavor  listed  above,  Nikolai  Dmitrevich 
has  participated  in  the  solution  of  other  new  and  interesting  problems,  such  asj 
the  organization  of  research  on  the  Raman  spectra  of  individual  hydrocarbons 5  re¬ 
search  at  ultrahigh  pressures,  which  opens  up  new  possibilities  in  organic  synthel 
sis 5  and  other  problems. 

This  far  from  complete  survey  of  the  career  of  Nikolai  Dmitrevich  Zelinsky 
demonstrates  that  he  has  been  able  to  channel  the  most  profound  theoretical  in¬ 
vestigations  into  their  practical  application,  making  them  available  to  Industry. 

It  is  appropriate  at  this  point  to  quote  the  words  addressed  by  Zelinsky  to 
youth  on  the  occasion  of  his  eightieth  birthday:  "Chemistry  has  often  conferred 
upon  me  the  very  great  delight  of  understanding  hitherto  unexplored  secrets  of  na¬ 
ture.  It  has  enabled  me  to  be  of  service  to  people,  to  make  their  labor  easier-,  to 
deliver  them  from  some  suffering,  occasionally  from  disaster.  It  has  enabled  me  to 
become  a  man  who  has  not  been  of  no  use  to  my  fatherland^  it  has  marked  out  the 
road  along  which  I  have  been  able  to  make  some  useful  contribution  to  socialist 
construction  and  to  the  defense  of  the  land  of  the  Soviets." 

Though  engaged  for  nearly  seventy  years  in  scientific  work,  Nikolai  Dmitrevich 
Zelinsky  has  always  been  a  highly  successful  teacher.  As  we  have  already  said,  his 
principal  pedagogical  activity  has  had  Moscow  University  as  its  scene.  This  is 
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what  he  says  about  this  aspect  of  his  work;  "I  retain  many  happy,  bright  memories 
of  the  Moscow  laboratory  where  I  have  worked  all  my  life.  All  these  memories  are 
linked  to  my  scientific  and  pedagogical  activity  in  this  laboratory,  among  my  cher¬ 
ished  pupils  and  associates.  Scientific  intercourse  and  friendly  collective  work 
with  my  senior  and  junior  associates  have  been  the  enduring  foundation  upon  which 
the  Moscow  school  of  chemists  has  been  established,  on  a  par  with  the  contemporary 
status  of  chemical  science  and  endeavoring  to  aid  in  the  cause  of  establishing  a 
state  upon  new,  just,  socialist  foundations." 

Notwithstanding  his  heavy  schedule,  Nikolai  Dmitrevich  has  always  found  time 
for  additional  pedagogical  and  organizational  activity.  The  Courses  of  Higher  Edu¬ 
cation  for  Women  were  founded  in  Moscdw  at  the  end  of  the  nineties  (converted  into 
the  Second  Moscow  University  in  1917) •  Nikolai  Dmitrevich  Zelinsky  organized  the 
chair  of  organic  chemistry  in  this  institution  and  was  the  first  to  hold  the  chair. 
Later  he  took  an  active  part  in  organizing  the  Shanyavsky  People's  University,  and 
participated  in  the  organization  of  many  chemical  laboratories. 

It  is  not  surprising,  therefore,  that  Nikolai  Dmitrevich  Zelinsky,  with  this 
comprehensive  and  manysided  scientific  and  teaching  basis,  has  nutured  a  whole  gal¬ 
axy  of  Soviet  organic  chemists,  who  possess  in  their  teacher  a  model  of  unbounded 
devotion  to  science.  The  number  of  pupils  who  have  come  forth  from  Zelinsky's  lab¬ 
oratory  is  extraordinarily  great.  It  is,  of  course,  impossible  to  list  them  here 
by  name.  Many  of  them  are  today  academicians,  corresponding  members  of  the  Academy, 
doctors  of  science,  and  professors  in  institutions  of  higher  learning. 

Nikolai'  Dmitrevich  is  very  active  in  civic  affairs;  he  is  one  of  the  organizers 
and  an  honorary  member  of  the  D. I. Mendeleev  All-Union  Chemical  Society^  he  takes  a 
very  active  part  in  the  work  of  the  oldest  society  of  naturalists  in  our  Country  - 
the  Moscow  Society  of  Naturalists,  whose  president  he  has  been  since  1955* 

Nikolai  Dmitrevich  Zelinsky' s  career  is  a  living  example  of  what  a  leading 
Soviet  scientist  should  be:  a  learned  humanist,  and  an  advocate  of  truth  and  social 
justice.  In  reply  to  the  instigators  of  an  imperialist  war,  Nikolai  Dmitrevich  re¬ 
cently  made  the  following  statement  to  the  press: 

"I  cannot  remain  silent  in  this  time  of  tension,  when  every  day  brings  us  new 
evidence  of  the  growing  danger  of  war.  I  should  like  to  add  my  voice  to  the  voices 

of  hundreds  of  millions  of  honest  people  on  our  planet.  But  it  is  hardly  enough 

merely  to  wish  for  peace  -  one  must  actively  and  passionately  fight  for  peace.  I 
shall  soon  be  ninety  years  old,  I  have  given  two-thirds  of  a  century  to  science, 

'and  that  entitles  me  to  demand  of  my  professional  colleagues  -  Soviet  and  foreign  - 

that  they  hearken  to  the  voice  of  an  old  scientist  who  well  knows  the  price  of 

peace  and  war." 

Nikolai  Dmitrevich  Zelinsky's  scientific  achievements  have  received  wide  re¬ 
cognition.  The  Soviet  government  has  taken  cognizance  of  them  more  than  once. 
Nikolai  Dmitrevich  is  a  Hero  of  Socialist  Labor  (1945),  a  triple  Stalin  Prize  win¬ 
ner  (1942,  1946,  1948),  and  an  Honored  Worker  in  Science  (1926).  He  has  been  dec¬ 
orated  with  three  Orders  of  Lenin  and  two  Orders  of  the  Red  Banner  of  Labor. 


The  Zelinsky  school  is  proud  of  its  teacher,  honored  and  beloved  by  all,  al¬ 
ways  responsive  to  his  pupils  and  associates,  the  founder  of  major  branches  of  or¬ 
ganic  chemistry,  and  a  true  son  of  his  fatherland. 


This  has  been  the  glorious  life  of  Academician  Nikolai  Dmitrevich  Zelinsky  - 
a  non-party  Bolshevik,  a  leading  citizen. 


We  wish  him  good  cheer  and  strength  for  the  welfare  and  prosperity  of  our 
great  fatherland.  / 


M . B .  Turova -Polyak 
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SOME  PROBLEMS  OP  THE  THEORY  OP  THE  PORMATION  OP  PORCELAIN  BODY 


P.  Pc  Budnikov  and  Khc  0.  Gevorkyan 


In  the  porcelain  industry,  firing  is  the  principal  stage  of  the  technological 
process.  During  firing,  hi^  temperature  produces  a  product  as  the  result  of  cer¬ 
tain  physical  and  chemical  processes.  The  course  of  these  processes  is  governed  hy 
their  thermodynamic  conditions.  In  an  industrial  kiln  these  processes  are  control¬ 
led  by  changing  the  thermodynamic  conditions,  finally  resulting  in  the  formation  of 
a  ceramic  product  that  possesses  valuable  technical  properties  (mechanical  strength, 
electrical  insulation  properties,  use  as  refractories,  impermeability  to  water,  and 
thermal  stability). 

For  this  reason  improving  the  production  of  ceramic  ware  requires,  first  of 
all,  the  correct  control  of  the  industrial  firing  process,  which  in  turn  involves 
the  possession  of  clear  notions  of  the  nature  of  the  physical  and  chemical  changes 
that  take  place  in  ceramic  materials  at  high  temperatures. 

Study  of  these  processes  of  ceramic  firing  and,  particularly,  of  the  firing  of 
porcelain,  has  been  the  objective  of  numerous  investigations  by  Soviet  scientists. 

The  manysided  researches  of  Baikov,  Vernadsky,  Belyankin,  Zemyatchensky,  Ponomarev, 
Lapin,  Sokolov,  and  others,  have  resulted  in  the  accumulation  of  extensive  experi¬ 
mental  material  during  the  past  decade,  shedding  light  upon  the  problem  of  the  form¬ 
ation  of  porcelain  body. 

The  principal  tools  in  these  investigations  have  been  the  polarizing  micro¬ 
scope  and  X  rays .  Efforts  have  been  made  during  recent  years  to  employ  a  new  ins¬ 
trument  -  the  electron  microscope  —  in  this  research. 

Furthermore,  considerable  success  has  been  had  during  the  past  few  years  with 
the  investigation  of  the  formation  of  porcelain  by  means  of  microscopic  examination 
by  reflected  light.  It  should  be  noted  that  26  yesirs  ago  a  reflected-light  micro¬ 
scope  was  first  used  by  Zemyatchensky  to  study  the  microstructure  of  porcelain  [i]. 

In  many  cases  studying  porcelain  in  reflected  light  proves  to  be  more  effective 
than  studying  it  with  the  micropolariscope. 

As  for  the  micropolariscope  and  X  rays,  despite  all  their  merits,  they  often 
prove  inadequate  for  the  solution  of  certain  problems.  This  is  sometimes  due  to  the 
hi^  dispersion  of  the  mineral  particles  comprising  the  masses  under  examination,  and 
in  other  instances  to  the  formation  of  amorphous  sheaths  around  the  crystalline  sub¬ 
stance  during  firing,  which  are  detected  neither  by  a  microscope  nor  by  X  rays. 

Notwithstanding  all  this,  we  now  have  enough  information  on  the  microstructure 
to  be  able  to  throw  some  light  upon  the  complicated  physical  and  chemical  phenomena 
involved  in  the  firing  of  porcelain  and  faience. 

Constitution  of  the  vitreous  phase.  When  porcelain  pastes,  prepared  from  var¬ 
ious  mixtures  of  the  three  basic  constituents  —  kaolin,  feldspar,  and  quartz  -  are 
fired,  the  constituents  react  with  one  another;  at  first  in  solid-state  reactions, 
in  the  low-temperature  region,  and  then  in  the  liquid  phase  as  well,  at  temperatures 
above  1000° . 
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These  processes  axe  essentially  this: 

.  L 

At  comparatively  low  temperatures  the  minerals  of  the  crude  mix  decompose,  steam 
and  other  gaseous  products  being  evolved.  This  stage  of  firing  also  involves  intra¬ 
molecular  changes  in  the  kaolinite  and  polymorphic  transformations  of  the  silica  and 
the  China  clay. 

In  the  light  of  modern  notions  of  the  chemical  reactions  occurring  in. the  solid 
state  we  may  assert  that  certain  reactions  take  place  among  the  kaolinite  residue,  the 
quartz,  and  the  feldspar  long  before  the  liquid  phase  is  reached. 

Nevertheless,  it  has  been  proved  experimentally  that  the  major  processes  involved 
in  the  making  of  porcelain  take  place  at  higher  temperatures,  when  a  liquid  phase  has 
made  its  appearance  in  the  paste  being  fired.  The  constitution  of  a  liquid  phase  in 
the  porcelain  paste  is  due  to  the  fusion  of  the  feldspar.  At  a  temperature  of  about 
1170®  the  potash  feldspar  fuses  Incongruently,  giving  rise  to  crystalline  leucite 
and  glass.  The  fusion  of  the  potash  feldspar  results  in  an  Increase  in  its  volume.  ' 
Some  of  the  melt,  though  only  a  small  part  of  it,  is  formed  below  the  melting  point 
of  feldspar  owing  'to  the  fusion  of  minor  mineral  impurities  in  the  paste,  which  con¬ 
stitute  low- fusing  eutectics. 

The  liquid  phase  causes  the  particles  of  quartz  and  of  the  kaolinite  residue  to 
adhere  together,  this  phenomenon  being  due,  in  the  initial  stage  of  fusion  of  the 
feldspar,  to  adhesion  interaction  at  the  surfaces  of  contact  between  the  liquid  and 
crystalline  phases 5  this  adherence  is  an  effect  of  surface  forces. 

As  fof  the  more  thoroughgoing  reaction  of  the  molten  feldspar  with  the  high- 
melting  crystalline  particles,  these  processes  are  insignificant  during  this  intro¬ 
ductory  period. 

As  the  temperature  is  raised,  the  viscosity  of  the  molten  feldspar  drops,  and 
the  effect  of  the  surface  forces  acting  at  the  interphase  boundaries  becomes  more 
pronounced.  The  crystalline  particles  come  closer  together,  the  paste  grows  denser, 
and  its  porosity  diminishes.  This  corresponds  to  the  well-known  phenomenon  of  sh¬ 
rinkage  of  the  body.  ^ 

The  porcelain  body  is  not  deformed  during  this  stage  of  high-temperature  firing, 
notwithstanding  the  increase  in  the  volume  of  the  molten  feldspar.  This  extremely 
valuable  property  of  porcelain  paste  is  due  to  the  following  factors:  a)  the  slow¬ 
ness  with  which  the  feldspar  melts 5  the  temperature  range  within  which  potash  feld¬ 
spar  melts  (from  the  beginning  of  fusion  to  complete  melting)  is  some  25O  to  500®) 
and  b)  the  high  viscosity  of  molten  feldspar  (the  feldspar  particles  are  frequently 
vitrified  while  preserving  their  original  shape). 

Raising  the  temperature  lowers  the  viscosity  of  the  melt,  and  hence  increases 
the  mobility  and  reactivity  of  the  feldspar  particles.  Under  these  conditions  there 
sets  in  an  intensive  physical  and  chemical  interaction  between  the  molten  feldspar 
and  the  crystalline  particles.  As  a  result  of  this  interaction,  the  kaolinite 
residue  and  the  quartz  begin  to  dissolve  in  the  molten  feldspar.  The  rate  at  which 
this  dissolution  takes  place  depends  upon  the  chemical  composition  and  the  physical 
state  of  the  paste,  as  well  as  upon  the  firing  temperature. 

It  is  obvious  that  the  dissolution  of  the  hlg^^meltlng  crystalline  particles 
must  cause  a  corresponding  change  in  the  liquid  phgJ5^.  Moreover,  as  considerable 
experimental  data  have  shown,  prolonging  the  firing  causes  an  increase  in  the  amount 
of  the  liquid  phase:  in  isothermal  heating,  the  change  in  the  volume  of  the  liquid 
phase  is  a  logarithmic  function  of  the  duration  of  heating. 

After  the  firing,  when  the  kiln  cools  down,  the  molten  feldspar  does  not  crys¬ 
tallize  because  of  its  high  viscosity,  but  hardens  in  a  vitreous  state.  A  vitreous 
phase  is  constituted  in  the  porcelain  body,  producing  its  translucency  and  other 
properties  of  the  body. 
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The  proportion  of  the  vitreous  phase  in  the  microstructure  of  the  porcelain 
body  depends  upon  the  percentage  of  feldspar  in  the  paste  and  the  firing  tempera¬ 
ture.  That  is  precisely  why  many  authors  have  found  in  their  microscopic  investi¬ 
gations  that  the  percentage  of  glass  in  porcelain  body  fluctuates  within  very  wide 
limits  “  from  55  bo  60^  (most  often  40-50'3()) . 

The  vitreous  phase  of  porcelain  body  is  quite  heterogeneous.  It  is  evident  that 
either  particles  of  quartz  or  of  the  kaollnite  residue  are  in  contact  with  the  molten 
feldspar;  accordingly,  the  molten  feldspar  surrounding  the  quartz  grains  will  be 
enriched  with  silica,  while  the  molten  feldspar  surrounding  the  kaolinite  grains  will 
be  enriched  with  the  substance  of  the  kaolinite  residue. 

Thus,  after  the  porcelain  body  has  cooled,  it  contains,  besides  the  basic  feld¬ 
spar  glass,  with  a  refractive  index  of  1^49,  glass  surrounding  the  contours  of  the 
residual  quartz,  with  a  refractive  index  of  1.46,  and  glass  within  the  range  of  the 
particles  of  the  kaolinite  residue,  with  a  refractive  index  of  1.55*  Some  authors 
call  the  latter  "argillaceous"  or  "kaolinitic"  glass. 

As  for  the  "siliceous"  glass,  its  nature  has  been  more  or  less  clearly  estab¬ 
lished:  it  is  fused  feldspar,  enriched  with  a  siliceous  substance  due  to  the  peri¬ 
pheral  dissolution  of  the  quartz  grains. 

As  for  the  "kaolinitic"  glass,  it  must  be  said  that  we  have  no  definite  explan¬ 
ation  of  its  constitution.  Inasmuch  as  the  formation  of  "kaolinitic"  glass  is  the 
result  of  the  dissolution  of  the  kaolinite  residue  in  the  molten  feldspso*,  an  in¬ 
terpretation  of  the  nature  of  "kaolinitic"  glass  requires  first  of  all  an  explana¬ 
tion  of  the  nature  of  the  kaolinite  residue.  The  problem  of  what  the  kaolinite 
residue  consists  of  can  be  considered  only* in  connection  with  the  problem  of  mull- 
itization  during  the  formation  of  porcelain. 

Mullltization  of  the  body.  The  processes  mentioned  above,  which  take  place 
in  the  firing  of  porcelain  and  involve  the  liquid  phase,  are  closely  linked  to  the 
mullltization  of  the  body,  which  is  of  considerable  importance  in  ceramic  technol¬ 
ogy.  Investigations  of  mullltization  very  often  arrive  at  results  that  do  not 
agree  with  each  other. 

In  the  past,  the  question:  "Mullite  or  silllmanlte?"  was  discussed  in  the  llt- 
.erature.  The  principal  source  of  dispute  in  the  years  of  scientific  polemics  on 
this  problem  was  the  close  mineralogical  resemblance  between  the  crystals  of  mull¬ 
ite  and  sillimanite,  which  made  it  impossible  for  microscopic  and  X-ray  examination 
to  settle  this  question  for  many  years. 

By  now,  numerous  contemporary  researches,  the  data  on  the  phase  equilibria  in 
the  AI2O3  “  SiOs  system,  in  particular,  have  established  the  fact  that  the  only 
one  of  these  two  oxides  that  is  stable  in  the  temperature  and  concentration  range 
we  are  interested  in  is  mullite.  Nevertheless  the  term  " sillimanite"  is  still  en¬ 
countered  in  many  recent  descriptions  of  the  microstructure  of  porcelain  body.  It 
is  worthy  of  note  in  this  connection  that  as  far  back  as  60  years  ago  the  noted 
Russian  scientist  Vernadsky  [2]^  who  was  one  of  the  first  to  describe  the  micro¬ 
structure  of  porcelain  body,  stated  on  the  basis  of  his  analyses  of  the  new  crystal¬ 
line  formations  he  had  observed  in  porcelain  body  that  the  chemical  composition  of 
these  new  formations  differed  from  that  of  sillimanite.  This  fact  is  all  the  more 
noteworthy  because  methods  of  scientific  experimentation  were  still  quite  imperfect 
at  the  end  of  the  past  century,  when  Vernadsky's  paper  was  published. 

In  connection  with  the  assertions  that  mullite  and  sillimanite  are  identical 
and  the  assumptions  that  crystalline  formations  of  the  solid  solution  type  are 
present,  we  might  say  that  the  data  of  chemical  analysis  ref ute  the  possibility  of 
any  such  supposition  and  support  the  chemical  and  mineralogical  individuality  of 
mullite . 
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After  the  problem  of  ’’mullite  or  sillimanite"  had  been  solved,  the  most  ,  recent 
papers  on  mullitlzation  pose  two  new  questions,  to  which  different  authors  give  dif¬ 
fering  answers;  l)  what  is  mullite  formed  fromj  and  2)  what  is  the  nature  of  the 
quantitative  changes  produced  in  mullite  by  heating  the  body  to  high  temperatures. 

The  answer  to  be  expected  to  the  first  question  is  that  the  formation  of  mull-' 
ite  is  due  either  to  changes  in  the  kaolinite  or  to  crystallization  of  a  saturated 
melted  alumino- silicate. 

Numerous  reports  on  the  microstructure  of  porcelain  body  have  established  the 
fact  that  the  principal  source  of  mullite  is  the  decomposition  product  of  kaolinite j 
but  when  no  liquid  phase  is  present,  the  minute  mullite  crystals  formed  as  the  re¬ 
sult  of  intramolecular  processes  are  in  an  embryonic  stage ,  and  their  linear  dimen¬ 
sions  are  so  small  that  they  are  extremely  hard  to  detect  by  the  usual  methods  of 
studying  microstructure.  The  appearance  of  the  liquid  phase  promotes  the  growth  of 
the  crystals. 

There  is  another  interpretation  of  this  problem,  however;  some  authors,  for 
example,  believe  that  mullite  is  not  formed  from  the  kaolinite  residue  alone.  They 
assume  that  mullite  crystals  can  crystallize  out  of  molten  feldspar.  To  be  s\ire, 
if  we  have  a  melt  containing  AI2O3  and  SiOs,  why  shouldn't  crystals  of  mullite  crys¬ 
tallize  out  of  such  a  melt  when  it  cools?  Even  the  equilibrium  diagram  indicates 
that  at  a  certain  temperature  and  a  certain  ratio  of  these  two  oxides,  the  products 
of  crystallization  of  the  alumino- silicate  melt  ought  to  contain  mullite. 

In  this  connection,  we  must  first  underline  the  thermodynamic  nature  of  the 
equilibrium  diagrams.  These  diagrams  .have  one  defect:  they  consider  the  process 
.without  allowing  for  the  time  factor  -  a  most  important  factor  in  crystallization 
processes,  both  in  industrial  kilns  as  well  as  in  nature. 

When  we  also  bear  in  mind  that  in  the  temperature  range  we  have  been  consider¬ 
ing  for  the  firing  of  porcelain,  the  feldspar  is  not  entirely  melted,  but  is  in  an 
extremely  viscous  ” semimelted"  state,  the  metastability  of  the  porcelain  body 
while  firing  and  the  absence  of  mullite  crystals  in  the  products  of  the  fused  feld- 
.  spar  after  cooling  become  obvious . 

Evidently,  full  light  can  be  shed  upon  this  problem  by  a  study  of  the  cooled 
melt  of  pure  feldspar 5  as  the  result  of  such  study  many  authors  have  established 
that  mullite  is  not  formed  under  these  conditions. 

The  question  then  arises;  what  can  the  basis  of  the  opposing  viewpoint  be?  It 
seems  to  us  that  the  sole  reason  for  its  appearance  is  the  fact  that  mullite  crys¬ 
tals  are  found  within  the  confines  of  the  feldspar  grain.  This  latter  fact,  which 
has  been  established  in  many  descriptions  of  the  microstructure  of  porcelain  body, 
must  be  interpreted  differently,  namely;  the  presence  of  mullite  within  the  con¬ 
fines  of  the  feldspar  grain  is  most  likely  due  to  the  diffusion  of  particles  of 
the  kaolinite  residue  into  the  fused  feldspar. 

Summing  up  the  principal  facts  concerning  the  problem  of  what  is  the  source 
of  mullitlzation  in  porcelain  body,  we  must  state  that  the  major  arguments  in  sup¬ 
port  of  the  formation  of  mullite  from  the  products  of  intramolecular  transformation 
of  the  kaolinite  sore  as  follows; 

1)  Mullite  is  formed  only  in  those  porcelain  bodies  whose  pastes  contain 

kaolinite .  .. 

2)  The  product  formed  by  cooling  a  melt  of  pure  feldspar  contains  no  mullite. 

5)  The  manifest  crystallization  of  mullite  within  the  confines  of  the  feldspar 
grain  cannot  be  due  to  the  latter,  Inasmuch  as  the  percentage  of  silica  in  the 
fused  feldspar  is  obviously  insufficient  for  the  formation  of  mullite. 


We  have  the  following  contradictory  conclusions  regarding  the  second  prohlemt 
the  nature  of  the  quantitative  mullite  changes  occurring  during  high-temperature 
firing; 

a)  According  to  some  research  workers,  the  amount ’of  mullite  in  the  body  rises 
constantly  as  the  temperature  is  raised  and  the  firing  time  is  prolonged,  the  lin¬ 
ear  dimensions  of  the  mullite  crystals  growing  at  the  same  time. 

b)  According  to  other  researchers,  during  firing  the  amount  of  mullite  increas¬ 
es  up  to  a  certain  temperature,  any  further  rise  in  temperature  causing  a  drop  in 
the  percentage  of  mullite,  owing  to  its  dissolution  in  the  liquid  phase. 

The  principal  reason  for  the  manifestation  of  such  widely  divergent  interpre¬ 
tations  of  "mullitization”  changes  is  the  lack  of  an  accurate  method  for  making  an 
analytical  determination  of  the  percentage  of  mullite  in  ceramic  products.  Devel¬ 
opment  of  an  accurate  method  of  determining  the  percentageof  mullite  is  one  of  the  ' 
most  pressing  tasks  now  facing  usj  a  positive  solution  of  this  problem  will  be  of 
great  importance  in  deepening  our  knowledge  of  the -processes  involved  in  the  firing 
of  ceramics. 

Notwithstanding  this,  so  much . experimental  material  on  the  problem  of  mulliti- 
zation  has  been  accumulated  during  the  past  few  decades  that  it  seems  feasible  to 
examine  this  problem  in  the  light  of  the  available  data  and  to  arrive  at  some  very 
clear  conclusions. 

The  problem  of  the  mullitlzatlon  of  porcelain  body  can  be  regarded  solely  in 
close  relationship  to  the  data  on  the  thermal  analysis  of  kaollnlte.  In  our  liter¬ 
ature  there  are  numerous  references  to  three  joulean  effects  observed  on  the  heating 
curve  of  kaolinite,  which  are  the  result  of  definite  intramolecular  changes  that 
kaolinite  undergoes  when  heated.  These  three  effects  have  been  interpreted  very 
divergently  during  the  past  60  years,  there  being  no  generally  accepted  opinions  on 
the  subject  at  the  present  time. 

In  our  paper  [3]  on  the  nature  of  the  joulean  effects  in  kaolinite,  reporting 
the  results  of  thermodynamic  and  X-ray  investigations,  we  found  that; 

1)  The  product  of  the  endothermal  joulean  effect  (in  the  temperature  range  of 
500-550“)  is  metakaolin,  which  is  formed  as  the  result  of  the  dehydration  of  kaol¬ 
inite,  in  accordance  with  the  following  equation; 

^Al203*2Si02“2H20  Al203»2Si02  +  2H2O; 

2)  The  exothermal  joulean  effect  in  the  900-1100°  range  corresponds  to  the 
breakdown  of  the  metakaolin: 

AI2O3  °  2S i02  — p  Y -AI2O3  +  2S i02 } 

5)  The  second  exothermal  effect  observed  in  the  1200-1500“  range  is  due  to 
the  chemical  interaction  of  the  free  oxides,  resulting  in  the  formation  of  mullite, 
according  to  the  following  equations 

5AI2O3  +  6Si02  5Al203°2Si02  +  4Si02. 

The  last  equation  indicates  that  there  is  some  excess  silica  left  over  after 
the  mullite  is  formed.  This  fact  is  in  good  agreement  with  the  data  of  Belyankin 
and  Feodotyev  [4],  who  showed  that  amorphous  silica  is  crystallized  in  the  tempera¬ 
ture  range  of  the  second  exothermal  effect.  These  authors  quite  convincingly  and 
clearly  cite  in  support  of  their  opinion  the  fact  that  the  second  exothermal  effect 
on  the  kaolinite  heating  curve  coincides  with  the  corresponding  effect  shown  in  the 
heating  curve  of  silica  gel. 

Several  papers  have  been  published  in  recent  years  on  the  quantitative  study  of 
the  mullitization  process.  Generalizing  the  results  of  these  researches  enables  us 
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to  use  them  in  further  support  of  the  foregoing  interpretation* of  the  second  exother¬ 
mal  effect  as  the  result  of  chemical  reaction  between  the  oxides,  giving  rise  to 
mullite . 

When  we  examine  the  work  of  Budnikov  and  Shmukler  [5],  Freberg  [e],  Goncharov 
[7],  and  other  authors,  we  see  that  most  of  the  mullite  is  formed  in  a  rather  narrow 
temperature  band,  1150-1250°,  during  the  process  of  firing. 

We  must  stress  the  point  that  this  tempi,  range  of  intensive  mullitization  (II5O- 
1250°)  coincides  with  the  temperature  range  for  the  second  exothermal  effect  observed 
when  pure  kaolinite  is  fired. 

( 

This  extremely  interesting  circumstance  enables  us  to  relate  the  mullitization 
process  of  porcelain  to  the  physical  and  chemical  changes  of  pure  kaolinite,  due  to 
the  second  exothermal  effect.  The  establishment  of  this  link  between  the  two  phen¬ 
omena  enables  us  to  reach  the  following  conclusions. 

1.  The  data  on  the  quantitative  measurements  of  the  mullite  yield  confirm  that 
the  second  exothermal  effect  on  the  kaolinite  heating  curve  corresponds  to  a  chem¬ 
ical  reaction  Involving  the  formation  of  mullite  from  the  oxides; 

5AI2O3  +  2Si02  5AI2O3' 23102. 

2.  There  are  numerous  experimental  data  indicating  that  the  reaction  involved 
in  the  formation  of  mullite  does  not  take  place  in  every  medium  that  consists  of  the 
two  oxides  AI2O3  and  3102- 

We  may  point  to  the  cooling  of  a  feldspar  melt  without  any  mullite  being  formed. 

The  most  favorable  conditions  for  the  formation  of  mullite  are  the  presence  of 
the  constituent  oxides  AI2O3  and  3102^  formed  after  the  kaolinite  crystal  lattice  has 
been  ruptured  (which  takes  place  when  the  kaolinite  products  have  been  heated  above 
1000° ) . 

We  think  this  fact  can  be  explained  as  follows;  the  free ‘particles  of  AI2O3 
and  3102  are  in  a  state  of  maximum  chemical  activity  immediately  after  the  decom¬ 
position  of  the  kaolinite,  when  there  are  no  chemical  bonds  between  them.  When  in 
this  state,  the  chemical  reaction  involved  in  the  formation  of  mullite  takes  place 
with  high  speed,  owing  to  the  high  reactivity  of  the  constituents  (AI2O3  and  3102). 

5.  As  for  the  fact  that  there  is  no  appreciable  amount  of  mullite  in  the  pro¬ 
ducts  obtained  by  firing  an  argillaceous  substance  at  lower  temperatures  (below 
1150° ) 5  though  there  are  qualitative  Indications  of  the  appearance  of  mullite  below 
the  temperature  of  the  second  exothermal  effect,  this  proves  that  mullite  is  formed 
at  a  low  rate  at  such  low  temperatures. 

Hence ,  the  presence  of  mullite  lines  in  X-ray  photos  of  kaolinite  taken  at 
temperatures  much  below  1150°  may  be  explained  as  due  to  the  absence  of  sharp  tem¬ 
perature  boundaries  in  kaolinite  reactions,  which  may  also  take  place  at  lower 'tem¬ 
perature,  though  at  a  lower  reaction  rate  and  with  a  lower  yield  of  the  reaction 
product  (in  this  instance,  mullite). 

Therefore,  the  fact  that  mullite  is  found  below  1150°  cannot  serve  as  a  basis 
for  explaining  the  first  exothermal  effect  as  due  to  the  formation  of  mullite, 

4.  The  foregoing  conclusion  regarding  the  "active"  state  of  the  firing  pro-  ^ 
ducts  immediately  after  the  rupturing  of  the  kaolinite  lattice  in  the  temperature  ^ 
range  of  the  second  exothermal  effect  enables  us  to  make  the  following  assertion, 
.which  is  of  value  in  the  management  of  the  industrial  firing  of  porcelain  materials; 
It  is  advisable  to  slow  down  the  temperature  rise  or  even  to  "hold"  it  in  the  tem¬ 
perature  range  of  1100-1250° ,  at  which  the  fired  materials  axe  in  a  disordered 
state  and  consist  of  the  oxides  AI2O3  and  3i02  with  increased  reactivityj  this  ought 
to  increase  the  rate  at  which  the  body  is  mullitized. 
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-  Consideration  of  the  process  of  mullitization  of  the  "body  and  of  the  related 
second  exothermal  effect  in  the  kaolinite  heating  curve  enables  us  to  clear  up  the 
meaning  of  the  term  " kaolinitic  glass." 

It  is  quite  impossible  to  agree  with  the  view  that  there  is  such  a  thing  as 
"argillaceous"  glass  in  porcelain,  since  there  cannot  be  any  kaolinitic  substance 
in  the  paste  of  the  ware  being  fired  as  soon  as  the  feldspar  begins  to  melt.  What 
has  been  said  about  the  nature  of  the  second  exothermic  effect  in  the  kaolinite 
heating  curve,  shows  that  at  that  temperature  the  kaolinite  has  been  replaced  by 
mullite  and  amorphous  silica.  For  the  same  reason  we  cannot  accept  the  assertions 
concerning  the  dissolution  of  silica  (the  oxide)  in  the  molten  feldspar. 

The  nature  of  the  so-called  "kaolinitic"  glass  may  be  explained  as  follows? 
inasmuch  as  the  decomposition  prod^ucts  of  the  kaolinitic  substance  are  crystals  of 
mullite  and  excess  amorphous  silica,  the  latter  (which  is  fairly  soluble)  readily 
enters  the  molten  feldspar,  enriching  it  with  siliceous  substance  and  forming  a 
silica-feldspar  glass,  which  is  interpenetrated  by  the  minute  acicular  crystals  of 
mullite . 

Thus  the  "siliceous"  and  "kaolinitic"  glasses  in  the  microstructure  of  porce¬ 
lain  differ  but  little  in  their  chemical  composition?  in  both  cases  the  glass  is 
formed  chiefly  as  the  result  of  the  dissolution  of  the  silica  in  the  molt$n  feld¬ 
spar.  The  glass  formed  by  the  dissolution  of  the  kaolinite  residue  differs  from 
the  "siliceous"  glass  in  that  it  contains  minute  crystals  of  mullite. 

Thus  three  kinds  of  glass  are  to  be  distinguished  in  the  microstructure  of 
porcelain  body? 

1)  Feldspar  glass, 

2)  Silica-feldspar  glass,  without  mullite,  enveloping  the  residual  grains  of 
quartz . 

5)  Silica-feldspar  glass  with  inclusions  of  mullite  within  the  confines  of 
the  products  of  the  change  in  the  kaolinite  residue. 

% 

Diagram  of  the  formation  of  porcelain  body.  Despite  the  contradictions  in 
the  results  of  some  chemical  and  structural  investigations  of  the  structure  of 
porcelain  body,  a  very  extensive  body  of  experimental  material  has  been  accumulated 
during  the  past  half-century,  dealing  with  the  processes  involved  in  the  firing  of 
porcelain.  ^ 

A  comprehensive  examination  of  these  data  has  served  as  the  basis  for  a  dia¬ 
gram  we  have  developed  for  the  formation  of  porcelain  body,  generalizing  the' results 
of  numerous  X-ray,  microscopic,  and  chemical  inveatigations.. 

This  diagram  covers  the  principal  stages  of  firing  and  the  sequence  in  which 
the  physical  and  chemical  processes  occur  that  result  in  the  formation  of  the 
porcelain  body.  Since  the  latter  take  place  chiefly  at  high  temperatures  with 
the  liquid  phase  playing  a  part,  we  have  concentrated  upon  the  processes  occurring 
in  the  second  stage  of  firing.  The  low-temperature  processes,  which  involve  var¬ 
ious  changes  in  the  solid  phase,  especially  changes  in  the  kaolinite  and  the  quartz, 
are  described  in  very  great  detail  in  the  literature?  there  is  very  little  differ¬ 
ence  between  the  nature  of  these  processes  in  the  first  stage  of  firing  porcelain 
and  the  similar  processes  involved  in  the  firing  of  other  ceramic  materials. 

That  is  why,  in  this  diagram,  all  these  extremely  complicated  physical  and 
chemical  changes  in  the  low-temperature  firing  stage,  up  to  the  beginning  of  the 
formation  of  the  liquid  phase,  have  been  combined  into  one  group  under  the  heading 
of  "processes  in  the  solid  phase."  ' 

Moreover,  we  have  been  guided  by  the  following  propositions  in  our  consideration 


/ 


147 


Diagram  of  the  Formation  of  Porcelain  Body 

1  -  Kaolinitej  2  -  quartz  5  5  -  feld¬ 
spar  5  4  -  Si025  5  -  primary  mullite 
in  the  kaolinite  residue 5  6  -  hound- 
ary  of  the  kaolinite' s  reaction  with 
the  feldspar;  7  -  molten  feldspar; 

8  -  feldspar  melt;  9  -  silica  -  mol¬ 
ten  feldspar  witMn  the  ff.onf.ines  of  the 
kaolinite  residue;  10  -  fused  edge  of 
quartz;  11  -  residual  quartz;  12  - 
mullite  withfaiw.the  confines  of  the  feld¬ 
spar  melt  (diffusion). 


I  -  Composition  of  the  raw  porcelain 
paste  (kaolinite  +  quartz  +  feldspar). 

II  -  Initial  firing  period;  "processes 
in  the  solid  phase."  Products;  quartz 
+  feldspar  +  kaolinite  residue  with 
mullite  inclusions  +  silica. 

III  -  Second  firing  period:  fusion  of 
the.  feldspar.  Drops  of  the  melt 
cement  the  solid  particles;  increase 
in  mechanical  strength  as  a  result  of 
liquid  adhesion  phenomena. 

IV  -  Third* firing  period:  lowering  of 
the  viscosity  of  the  liquid  phase  as 
a  result  of  the  rise  in  temperature. 

Heightened  effect  of  the  surface  forces  acting *at  the  interphase  houndarles; 
shrinkage  of  the  body. 

V  -  Fourth  firing  period;  period  of  the  reaction 'of  the  molten  feldspar  with  Si02* 
Reaction  with  the  amorphous  Si02  arising  from  the  product  of  the  kaolinite  residue, 
giving  rise  to  silica  -  molten  feldspar,  with  the  interspaces  filled  with  minute 
mullite  crystals. 

VI  -•  Fourth  firing  period:  period  of  the  reaction  of  the  molten  feldspar  with  the 
quartz  grains;  a  fringe  of  the  liquid  phase  constituting  silica  -  molten  feldspar, 
is  formed  at  the  boundaries  of  the  quartz  grains. 

VII  -  Fifth  firing  period;  period  of  the  crystallization  of  mullite  within  the 
molten  feldspar  as  the  result  of  the  diffusion  of  the  substance  of  the  kaolinite 
residue.  Appreciable  decrease  in  the  dimensions  of  the  residual  quartz,  owing  to 
the  continuing  fusion. 


of  the  process  of  porcelain  formation  in  its  most  general  aspect: 

^  1)  The  initial  mixture  of  porcelain  paste  consists  of  three  minerals;  kaolin¬ 
ite,  quartz,  and  feldspar. 

2)  Fully  "ripened"  porcelain  body  contains;  a)  residual  quartz;  b)  fused  quartz; 
c)  feldspar  glass;  d)  feldspar  glass  with  silica  dissolved  in  it  -  the  product  of 
the  decomposition  of  the  kaolinite;  e)  mullite  in  the  glass,  formed  from  the  silica 
coming  from  the  kaolinite  residue;  and  f)  mullite  within  the  fused  feldspar. 
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It  should  he'  noted  that  there  are  references  in  the  literature  to  some  other 
elements  in  the  microstructure  of  porcelain  body,  observed  by  VEurious  authors.  We 
did  not  include  these  atypical,  accidental  crystalline  substances  in  our  list  of 
the  component  parts  of  the  microstructure  of  porcelain.  An  example  of  this  is 
Cristobal Ite,  which  many  authors  believe  is  present  in  the  micro structure  of  por¬ 
celain  body,  though  most  of  the  research  papers  on  this  topic  deny  the  degeneration 
of  quartz  into  cristobalite.  ^ 

We  have  chosen  as  characteristic  of  porcelain  only  those  constituents  that 
have  been  found  in  nearly  every  research  paper  describing  the  microstructure  of 
porcelain  and  about  whose  existence  there  is  no  doubt  whatsoever. 

In  our  diagram,  the  process  of  the  formation  of  porcelain  body  is  divided  into 
five  major  periods  (see  the  diagram  on  p.  l48) . 

SUMMARY 

1.  Quantitative  data  oh  the  process  of  mullitization  prove  that  the  period  of 
intensive  mullite  formation  coincides  with  that  of  the  second  exothermal  effect  in 
the  heating  curve  of  kaolinite. 

2.  The  cited  data  are  further  confirmation  of  the  interpretation  of  the  second 

exothermic  effect  as  the  result  of  the  chemical  reaction  between  the  free  oxides 
AI2O3  and  SiOa,  giving  rise  to  mullite.'  ' 

5.  After  the  first  exothermal  effect,  above  1000°  and  up  to  1250°,  the  oxides 
AI2O3  and  Si02  in  the  decomposition  products  of  kaolinite  are  in  an  ’'active'*  state. 

The  heightened  reactivity  of  the  oxides  at  these  temperatures  is  responsible 
for  intense  mullitization. 

4.  In  view  of  the  hi^  chemical  activity  of  the  decomposition  products  of 
kaolinite  after  the  completion  of  the  first  exothermal  effect,  it  is  advisable  in 
industrial  firing  of  porcelain  to  slow  down  the  rate  at  which  the  temperature  is 
raised  and  even  to  hold  it  constant  in  this  temperature  range,  as  tliis  ought  to 
promote  the  intensive  mullitization  of  the  body. 

5.  The  vitreous  phase  in  porcelain  body  comprises;  a)  feldspar  glass;  b)  sil¬ 
ica  -  feldspar  glass  (without  mullite),  enveloping  the  quartz  grains;  and  c)  silica 
-  feldspar  glass,  containing  mullite,  within  the  confines  of  the  particles  of  the 

kaolinite  residue. 

( 

6.  A  diagram  is  set  forth  for  the  , format ion  of  porcelain  body,  covering  the 
successive  steps  in  the  principal  processes  of  firing  and  the  formation  of  the 
principal  structural  elements  of  porcelain. 
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.  THE  THERMOCHEMICAL  CONVERSION  OP  FERROUS  SULFATE* 


Mo  E  Pozln  and  A..  Mo  Glnstllng 


The  literature  contains  no  references  to  the  problem  of  the  mechanism  involved 
in  the  thermochemical  conversion  of  ferrous  sulfate  when  mixed  with  reducing  agents. 
And  yet  knowledge  of  this  is  required  for  an  understanding  and  practical  utilization 
of  the  influence  of  the  underlying  conditions  of  this  process  upon  its  course  and 
rate^  besides  being  important  for  the  light  it  throws  upon  the  theory  of  a  large 
group  of  processes  resembling  the  one  in  question. 

The  present  paper  represents  a  theoretical  and  experimental  Investigation  of 
the  mechanism  involved  in  this  process. 

The  following  are  the  principal  topics  dealt  with?  l)  the  principal  and  inter¬ 
mediate  reactions  in  the  process 3  2)  the  feasibility  and  the  mechanism  of  the  reac¬ 
tion  of  ferrous  sulfate  with  carbon  without  direct  contact  between  themj  5)  the  part 
played  by  an  inert  solid  in  the  process)  4)  the  limiting  stage  of  the  process!  5) 
the  mechanism  of  the  effect  of  reducing  agents  upon  the  process}  6)  the  mechanism 
involved  in  the  effect  of  a  gas  upon  its  composition)  and  7)  the  significance  of  the 
greuiulometric  composition  of  the  particles  of  sulfate  and  carbon. 

The  thermochemical  conversion  of  ferrous  sulfate  when  mixed  with  reducing 
agents  may  be  represented  as  follows? 

When  FeS04  is  heated  to  above  55O-58O®,  these  reactions  occurs 

2FeS04  2FeO  +  2SO3,  (l) 

SO3  SO2  +  7202,  (2) 

2FeO  +  7202  ^  Fe203,  (5) 

constituting  a  process  described  by  the  customary  overall  equations 

2FeS04  ^  — —  Fe203  +  SO2  +  803.  (^) 

The  presence  of  sulfur  trioxide  and  ferric  oxide  in  the  system  as  the  result  of" 
Reaction  (4)  causes  the  following  equilibrium  to  be  set  ups 

Fe203  +  5SO3  f — ^  Fe2 (304)3.  *(5) 

Hence,  the  process  involved  in  the  decomposition  of  ferrous  sulfate  may  also  be  re¬ 
presented  by  this  equations 

»  6FeS04  fzi  3SO2  +  2Fe203  +  Fe2(S04)3.  (6) 

When  reducing  agents  a!re  present,  the  oxygen  liberated  in  Reaction  (2)  is  bound 
into  an  oxide.  Reacting  with  the  carbon  or  sulfur  in  the  reducing  agent,  it  forms 
CO,  CO2  or  a  mixture  of  the  two,  respectively,  in  accordance  with  the  following  re¬ 
actions? 

c  +  O2  — ^  CO2,  (7) 

*  2C  +  O2  — >  2C0,  (8) 

2C0  +  O2  — >  2CO2,  (9) 

^Report  III  of  a  aeries  on  this  topic. 


or  sulfur  dioxide,  in  accordance  with  this  reactions 

s  +  02  — >  SO2.  (10) 

The  sulfur  dioxide  and  trioxide  liberated  hy  the  dissociation  of  the  sulfates 
in  accordance  with  the  reactions  (4)  and  (5)  diffuse  from  the  solid  particles  into 
the  gas  phase  through  the  diffusion  layer  of  ferric  oxide,  which  grows  in  size 
throughout  the  process.  The  carbon  monoxide  evolved  by  the  incomplete  oxidation  of 
the  carbon  diffuses  to  the  sulfate  particles  through  the  same  layer,  being  oxidized 
there  to  CO2  by  the  oxygen  liberated  in  Reaction  (2).  The  carbon  dioxide  is  diffused 
in  conterflow  to  the  carbon  monoxide. 

On  the  whole,  therefore,  the  thermochemical  conversion  of  the  ferrous  sulfate  - 
reducing  agent  mixture  takes  place  without''  ,  direct  chemical  interaction  between 
the  solid  substances  and  without  any  participation  of  the  liquid  phases.  It  occurs 
in  the  gas  phase. 

This  outline  of  the  ^process  is  based  upon  the  following  considerations s 

1.  The  reality  of  each  of  the^  reactions  (l)  -  (lO)  in  the  temperature  range 
580-700®  has  been  proved  repeatedly  by  experiment  and  is  beyond  question. 

2.  The  dissociation  pressure  of  ferrous  sulfate  in  Reaction  (4)  is  much  higher 
than  the  dissociation  pressure  of  ferric  sulfate  in  Reaction  (5).  We  know,  for 
instance,  that  the  dissociation  pressure  of  FeS04  at  6l4,  63^,  and  65O®  is  25^, 

328,  and  600  mm  Hg,  respectively  [1],  while  that  of  Fe2 (804)3  is  70^  113^  and  1^9 
mm  Hg  [2].  This  indicates  that  Reaction  (5)  is  the  limiting  reaction  in  the  con¬ 
version  of  ferrous  sulfate  into  ferric  sulfate. 

3.  In  general,  the  side  reactions  that  may  occur  when  CO,  C,  802^  and  S  are 
present  in  the  system,  involving  the  formation  of  sulfur,  ceirbon  oxysulfide,  and 
carbon  disulfides 

2c  +  SO2  CO  +  C08,  (11) 

4C0  +  2SO2  ^C02  +82,  (12) 

2C0  +  82  ^  2C08,  (13) 

2C0S  ^  CO2  +  CS2,  (ih) 

csuinot  play  any  essential  role  in  this  process.  When  oxygen  is  present,  whether 
entering  from  the  outside  or  evolved  in  accordance  with  Reaction  (2),  the  carbon, 
sulfur,  and  carbon  monoxide  will,  of  course,  be  converted  in  accordance  with  Reac¬ 
tions  (7)  -  (10),  rather  than  (ll)  -  (l4),  since  their  equilibrium  and  velocity 
constants  are  incomparably  smaller  under  the  process  conditions. 

4.  The  probability  of  direct  reaction  between  the  ferrous  sulfate  and  the 
carbon  in  the  coal  is  very  small  in  view  of  the  negligibly  small  actual  surface  of 
contact  between  them  and  the  presence  of  a  diffusion  layer  of  solid  products. 

5.  It  is  impossible  for  a  liquid  phase  to  appear  in  the  system,  since  the 
melting  points  of  the  initial,  intermediate,  and  end  products,  and  of  any  possible 
eutectic  mixtures,  are  much  higher  than  the  maximum  temperature  of  the  process. 

Some  of  the  propositions  underlying  the  suggested  flow  sheet  required  exper¬ 
imental  verification. 

EXPERIMENTAL 

We  first  tested  the  feasibility  of  reacting  ferrous  sulfate  with  carbon  with¬ 
out  their  being  in  direct  contact.  This  was  done  by  heating  layers  of  the  sulfate 
and  of  carbonaceous  materials,  which  were  carefully  isolated  from  each  other  by 
porcelain  or  quartz,  in  a  furnace  in  a  current  of  nitrogen. 
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These  tests  were  run  with  coke  in  order  to  eliminate  the  influence  of  volatile 
constituents  in  the  coalo 

The  results  of  the  test  series,  reproduced  in  part  in  Table  1  and  Figo  1, 
clearly  indicate  the  existence  of  interaction  between  the  sulfate  and  the  carbon 
when  they  are  isolated  from  each  other,  or,  ’in  other  words,  the  reality  of  their 
interaction  via  the  gas  phase, 

TABLE  1 

Thermochemical  Conversion  of  Ferrous  Sulfate 
by  an  Isolated  Reducing  Agent  in  a  Current  of 
Nitrogen  at  650°  * 


With  no  reducing 
agent  present 

With 

coke 

With  coal 

T 

X 

T 

X 

T 

X 

10 

5^,4 

9 

30,8 

6 

26,1 

50 

48,3 

26 

48.2 

13 

49,4 

60 

60,1 

40 

60.9 

4o 

68.5 

-• 

- 

60 

75.5 

60 

76,8 

The  influence  of  an  inert  solid  introduced 
in  the  original  mixture  may  serve  as  an  indica¬ 
tion  of  how  the  process  takes  place  either  by 
direct  contact  and  direct  interaction  of  the 
solid  particles  of  the  initial  reagents,  or  in 
some  other  wayo 


Figo  1.  Conversion  of  fer¬ 
rous  sulfate  by  an  isolated 
reducing  agent  in  nitrogen 
.at  650°  o 

k-%  sulfatlc  sulfur,  in  terns  of  SOs? 
B'  Elapsed  tine  fron  start  of  run,mln 
1-Without  a  reducing  agent;  2-coke; 

3‘  coal. 


.  The  inert  solid  should  retard  the  process, 
depending  upon  the  reagent  surface  it  occupies,  provided  the  process  takes  place 
via  the  direct  interaction  of  the  solid  particles,  while  it  ought  not  to  cause 
any  appreciable  slowing  up  of  the  process  if  the  latter  involves  the  reaction  of 
a  gas  or  a  liquid  with  the  solid.  In  the  latter  case,  the  gaseous  or  liquid  re¬ 
agent  can  gain  access  to  the  surface  of  the  solid  reagent  when  a  certain  quantity 
of  inert  is  present  almost  as  if  the  latter  were  not  present. 

We  employed  this  circumstance  to  ascertain  the  actual  course  of  the  process  by 
testing  the  thermochemical  conversion  of  a  sulfate-coal  mixture  with  and  without  a 
finely  crystalline  inert  solid  (silica).  The  carbon- sulfate  ratio  in  the  mixture 
was  kept  constant.  The  tests  were  run  at  650°  in  nitrogen. 

The  results  of  these  tests,  reproduced  in  Table  2  and  Fig,  2,  indicate  that 
an  inert  solid  causes  practically  no  slowing  down  of  the  process  when  a  fairly 
large  amount  of  it  Is  added  to  the  mixture.  These  results  thus  also  show  that 
the  process  takes  place  in  the  gas  phase. 

Our  experiments  have  shown  that  the  reducing  agent  (coal,  pyrites)  intensi¬ 
fies  the  process  under  consideration  [3], 


To  evaluate  the  results  of  experiments  using  a  sulfur  reducing  agent  correctly, 
we  had  to  know  whether  the  pyrites  placed  in  the  initial  mixture  simply  serve  as  an 
additional  source  of  sulfur,  which  is  transferred  to  the  gas  phase  during  the  de¬ 
composition  of  the  mixture,  the  observed  intensification  of  the  process  thus  being 
apparent  rather  than  real, 

A  series  of  tests  were  run  to  shed  light  on  this  problem.  The  results  were 
as  follows. 

When  the  pyrites  were  kept  at  65O®  in  a  current  of  nitrogen,  flowing  in  the 


In  all  the  tables,  T  is  the  tima  elsM?sed  from  the  beginning  of  a  test  (in  sin  and  x  is  the  percentage 
of  sulfatic  sulfur,  in  terms  of  SObi 


TABLE  2 


A 


Conversion  of  Ferrous  Sulfate  Mixed  with  Coal 
in  a  Current  of  Nitrogen  at  65O®  (Composition 
of  the  Mixtures  90^  FeS04'H20  +  IC^  C) 

Process  Rate  with  and  without  an  Inert 
Solid  Present  « 


Without  an  inert 

With  25%  Si02 

1 

5  ! 

95.3 

3 

77-6 

20 

97.3 

20 

96.0 

42 

1  97.7 

40 

97.1 

60 

98.3 

60 

98.5 

gas  phase  at  the  rate  of  5  liters  per  hour, 
for  23  minutes,  about  25^  of  the  total  pyritic 
sulfur  was  extracted. 

Under  these  conditions  the  thermal  dis¬ 
sociation  of  the  sulfate  totaled  about  45^0 


sulfate  mixed  with  coal  in  a 
current  of  nitrogen  at  650“ . 
Process  rate  with  and  without 
an  inert  solid  present. 


A  Degree  of  sulfate  conversion, %. 

B  Elapsed  tine  from  start  of  run,  min, 
I'-Without  a  reducing  agent;  2-25%  SlOz.' 


Thus,  if  the  pyrites  added  to  the  sulf¬ 
ate  had  acted  merely  as  a  supplementary  source 
of  sulfur,  and  if  the  pyrites  and  the  sulfate 

had  behaved  wholly  independently  of  each  other  when  heated  together,  with  a  mixture 
containing  84,5^  FeS04  and  15*7^  FeSg,  about s 

43°0.845  +  25-0.157  =  40.2^ 

of  the  total  sulfur  in  the  mixture  would  have  been  converted  into  the  gas  phase. 


In  actuality,  however,  the  decomposition  of  this  pyrites -sulfate  mixture  for 
23  minutes  under  the  conditions  specified  above  caused  the  extraction  of  nearly 

of  the  sulfur  into  the  gas  phase  as  SO2  and  SO3.  This  shows  that  pyrites  added 
to  the  charge  cause  a  marked  intensification  of  the  process  of  decomposing  the 
sulfate . 


This  process  outline  fully  explains  the  mechanism  involved  in  the  intensifi- 
ying  action  of  the  reducing  agent  upon  the  process. 

It  is  evident  that  the  proceeding  of  Reaction  (5)  from  right  to  left  at  con¬ 
stant  temperature  depends  wholly  upon  the  partial  pressure  of  SO3  in  the  gas  phase 
above  the  Fe2(S04)3.  The  reduction  of  the  partial  pressure  of  SO3,  required  for 
intensifying  Reaction  (5),  is  effected  by  Reaction  (2),  it  being  known  from  the 
expression  for  the  latter's  equilibrium  constant; 


Kr 


SOr. 


(15) 


that  when  the  SO2  concentration  is  constant,  reducing  the  partial  pressure  of  the 
oxygen  results  in  lowering  the  partial  pressure  of  the  sulfur  trioxide. 


It  is  therefore  natural  that  the  presence  of  carbon  or  pyrites  in  the  initial 
mixture,  which  brings  about  the  reactions  (7)  “  (lO)  or  the  reaction  involving  the 
combustion  of  FeS2  and  thus  causing  a  diminution  in  the  concentration  of  oxygen  in 
the  reaction  zone,  speeds  up  the  process  of  converting  the  ferrous  sulfate. 


This  makes  it  evident  that  increasing  the  concentration  of  oxygen  in  the  re¬ 
action  zone  by  adding  it  from  without,  shifting  the  equilibrium  of  Reaction  (2)  to 


the  left  and  Reaction  (5)  to  the  right,  must  slow  down  the  thermal  decomposition  of 
ferrous  sulfate. 

This  is  fully  home  out  hy  the  experimental  data  we  have  secured  on  the  rate 
of  dissociation, of  FeS04  in  an  atmosphere  of  an  inert  gas  containing  various  per¬ 
centages  of  oxygen  [4]. 

When  the  initial  mixture  contains  reducing  agents  that  can  he  oxidized  hy  the 
added  oxygen,  it  is  natural  to  expect  a  different  variation  of  the  process  rate 
with  the  percentage  of  oxygen  in  the  original  gaseous  mixture.  We  know  that  the 

combustion  rate  increases  with  a  rising  percentage  of  oxygen  in  the  reaction  zone, 

all  other  conditions  remaining  the  same.  Hence,  when  a  sulfur  reducing  agent  is 
employed,  the  higher  the  oxygen  concentration  in  the  gas  phase,  the  more  sulfur  is 
released  per  unit  time  in  the  form  of  SO2  and  SO3 . 

What  is  more  important,  however,  is  that  the  combustion  of  the  reducing  agent 

results  in  raising  the  temperature  of  the  entire  charge. 

In  the  case  in  question,  the  temperature  of  the  charge  will  rise  at  a  rate 
that  depends  upon  the  percentage  of  oxygen  in  the  gas,  and,  inasmuch  as  the  rate 
at  which  the  sulfate  is  decomposed  increases  as  the  temperature  rises,  this  decom-  - 
position  will  he  correspondingly  more  intensive. 

TABLE  5 

Conversion  of  Ferrous  Sulfate  Mixed  with  Coal 
in  a  Current  of  Nitrogen  at  6OO® 

Extent  of  conversion  after  5  minutes  for 
various  surfaces  of -the  coal  particles. 


3 

Fig,  3"  Conversion  of  sulfate 
mixed  with  coal  in  a  current  of 
nitrogen  at  6OO® ,  Extent  of 
conversion  after  5  minutes  as  a 
function  of  the  surface  of  the 
coal  grains. 

A  %  conversloD  of  the  sulfate;  „ 

B  Mean  surface  of  the  coal  grains,  cnr. 


It  is  evident  that  accelerating  or  slowing  down  the  process  hy  means  of  oxy¬ 
gen  must  he  governed  hy  the  ratio  between  the  sulfate  and  the  reducing  agent  in  the 
initial  mixture.  In  particular,  the;percentage  of  oxygen  in  the  gas  phase  must  ex¬ 
ert  a  positive  effect  upon  the  process  rate  as  long  as  there  is  enough  of  the  re¬ 
ducing  agent  in  the  mixture. 

Such  a  mechanism  of  the  influence  of  oxygen  upon  the  process  rate  fully  ex¬ 
plains  the  test  results  obtained  in  the  conversion  of  the  sulfate  charge  in  an 
oxygen-nitrogen  atmosphere  of  varying  composition  [4], 

At  a  given  degree  of  conversion,  the  larger  the  initial  particles  of  sulfate, 
the  thicker  will  he  the  diffusion  layer  of  ferric  sulfate  on  the  surface  of  the 
sulfate  particles. 

Hence,  if  the  kinetics  of  the  process  are,  governed  hy  the  diffusion  of  the 
substances  through  this  layer,  formed  on  the  sulfate  particles,  the  diameter  of  the 
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latter  must  have  a  decisive  effect  upon  the  process  rate.  On  the  other  hand,  the 
size  of  the  particles  of  the  reducing  agent  governs  the  velocity  of  Reactions  (T)  - 
(lO)  and,  hence,  of  Reactions  (2)  and  (5). 

Therefore,  if  all  other  conditions  remain  the  same,  the  process  rate  will  be 
practically  independent  of  the  size  of  the  sulfate  particles,  so  long  as  the  dif¬ 
fusion  layer  is  relatively  thin.  At  the  very  start  of  the  process  it  should  be 
proportional  to  the  surface  of  the  particles  of  the  reducing  agent. 

Moreover,  during  a  certain  intermediate'  period,  the  process  rate  depends  upon 
the  size  of  the  particles  of  reducing  agent  and  sulfate.  And,  finally,  when  we 
shift  to  the  diffusion  region,  in  which  the  limiting  stage  of  the  process  is  the 
diffusion  of  the  reagents  throu^  the  layer  of  ferric  oxide,  the  process  rate,  all 
other  conditions  being  equal,  will  be  practically  governed  by  the  size  of  the  sulf¬ 
ate  particles. 

It  is  a  matter  of  course  that  the  smaller  the  ratio  between  the  dimensions  of 
the  sulfate  and  coal  particles,  the  more  marked  will  be  the  first  period  (with  the 
process  rate  governed  by  the  size  of  the  coal  particles),  while  the  larger  this 
ratio,  the  more  important  will  be  the  last  period  (with  the  diffusion  kinetics 
governed  by  the  size  of  the  sulfate  particles). 

It  is  precisely  this  variation  of  the  process  rate  with  the  grain  size  of  the 
components  of  the  initial  mixture  that  has  been  established  during  our  investiga¬ 
tions. 

When  the  coal  particles  are  larger  than  O.O5  mm  in  diameter,  the  process  rate 
at  the  very  start  is  proportional  to  the  surface  of  the  coal  particles.  This  is 
seen  from  the  figures  in  Table  3  and  the  graph  in  Fig.  3*  As  the  process  progres¬ 
ses,  this  proportionality  vanishes  to  such  an  extent  that  diminishing  the  diameter 
of  the  coal  particles  600^  increases  the  extent  of  sulfate  conversion  after  60 
minutes  only  25^. 

It  is  obvious  that  in  this  case  the  process  rate  is  governed  by  the  dimen¬ 
sions  of  the  particles  of  ferrous  sulfate.  In  fact,  dividing  their  mean  diameter 
by  a  factor  of  I.7  increases  the  conversion  of  the  sulfate  after  60  minutes  under 
the  same  conditions  by  a  factor  of  I.5  [3]. 

The  variation  of  the  process- rate,  which  is  limited  by  diffusion  into  spher¬ 
ical  particles,  with  the  size  of  the  latter,  is  given,  in  general,  by  the  follow¬ 
ing  equation  [5]? 

I  =  1  -  I  G  -  (1  -  G)^  =  K  •  •  X  ,  (16)  . 

where  G  =  x /lOO  is  the  fraction  of  the  substance  converted^  R  is  the  initial  rad¬ 
ius  of  the  particles  of  this  substance;  T  is  the  time;  and  K  is  a  coefficient  in¬ 
dicating  the  physical  properties  of  the  reacting  substances  and  products  under 
the  process  conditions. 

TABLE  k 


Comparison  of  Experimental  Data  with  Equation  (17) 


Ri 

(S) 

T 

Gi 

G2 

I2 

12 

II 

0.073 

0.124 

0.35 

ko 

0.791 

0.537 

0.1215 

0.0248 

0.35 

0.073 

0.124 

0.35 

60 

0.849 

0.581 

0.1505 

0.0551 . 

0.35 

It  follows  from  Equation  (16)  that  if  Ii  and  I2  are  the  values  of  the  function 
I  corresponding  to  the  conversions  Gi  and  G2  of  a  sulfate  whose  particles  have  the 
radii  Ri  and  R2,  respectively,  then:  "  - 
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Is  = 


(IT) 


Table  k,  In  ■which  the  value  of  Ig/li  has  been  computed  from  the  data  on  the 
conversion  of  a  sulfate  whose  particles  have  a  mean  radius  of  0=075  and  0=124  mm, 
respectively,  enables  us  to  compare  the  experimental  data  with  the  values  computed 
from  Equation  (lT)»  The  tabular  data  are  for  the  conversion  of  a  sulfate  mixed  with 
coal  in  a  current  of  nitrogen  at  600® » 

The  agreement  of  the  values  of  I2/I1  with  tho 

process  rate  is  actually  limited  ultimately  by  the 
through  the  layer  of  ferric  oxide. 

SUMMARY 

1=  The  thermochemical  conversion  of  ferrous  sulfate  involves  a  series  of  in¬ 
termediate  reactions,  the  slowest  of  which  is  the  reaction 

Fe2 (304)3  Fe203  +  5SO3, 

the  rate  of  which  is  governed  by  the  partial  pressure  of  the  sulfur  trioxide  in 
the  reaction  zone. 

2=  The  reaction  of  ferrous  sulfate  with  coal  and  pyrites  takes  place  via  the 
gas  phase  and  is  practically  independent  of  the  actual  surface  of  contact  between 
the  particles  of  the  solid  reducing  agent  and  the  sulfate. 

5=  At  the  beginning,  the  process  rate  is  limited  by  the  excess  of  free  oxy¬ 
gen  in  the  reaction  zone  and  by  the  intensity  of  its  combustion,  which  shifts  the 
equilibrium  of  the  dissociation  of  the  ferrous  sulfate  and  the  sulfur  trioxide  to¬ 
ward  the  formation  of  the  end  products  of  the  process  -  SO2  and  Fe203o  According¬ 
ly,  introducing  the  reducing  agent  in  the  initial  mixture  and  diminishing  the  per¬ 
centage  of  oxygen  in  the  initial  gas  intensifies  the  process  considerably. 

4.  As  the  diffusion  layer  of  the  solid  reaction  product  —  ferric  oxide  —  grows 
thicker,  the  part  played  by  diffusion  in  this  process  increases,  so  that  after  a 
certain  time  the  process  rate  is  governed -entirely  by  the  rate  of  diffusion. 

The  variation  of  the  process  rate  with  the  size  of  the  particles  of  the 
initial  substances  (all  other  conditions  remaining  the  same)  entails  a  gradual 
shift  of  the  former  from  the  region  of  chemical  kinetics  via  an  intermediate  reg¬ 
ion  to  the  region  of  diffusion  kinetics?  at  the  beginning  of  the  process,  its  vel¬ 
ocity  is  proportional  to  the  surface  of  the  reducing  agent  particles 5  during  the 
intermediate  period  it  is  a  function  of  the  particle  size  of  both  constituents  of 
the  mixture^  and  in  the  final  period  it  is  practically  determined  by  the  size  of 
the  ferrous  sulfate  particles  alone, 
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THE  NATURE  OP  THE  REACTION  OP  CHROME  COORDINATION  COMPOUNDS 


WITH  THE  PRINCIPAL  GROUPS  IN  PROTEIN 


I.  Po  Strakhov 


Many  researchers  [1,2]  class  the  reaction  of  chrome  coordination  compounds 
with  collagen  during  the  tanning  process  as  a  so-called  "  suturing"  reaction.  They 
assume  that  polychromic  0x0  compounds  enter  into  the  reaction,  forming  compounds 
of  the  complex  inner  salt  type  with  the  carboxyl  eind  amino  groups  of  the  collagen, 
with  bridges  between  adjacent  polypeptide  chains  of  the  macromolecule.  The  reac¬ 
tion  may  involve  the  coordination  of  a  carboxyl  group  of  one  polypeptide  chain 
with  an  amino  group  of  another  by  the  chromium  atom. 

Splicing  of  'this  sort,  which  takes  place  during  the  tanning  process,  provides 
an  explanation  of  such  phenomena  as  the  temperature  rise  when  tanned  leathers  are 
welded  together,  the  loss  of  the  ability  to  swell  up  in  acids  and  alkalies,  smd 
their  not  being  hydrolyzed  by  ferments. 

But  these  phenomena  are  merely  indirect  corroboration  that  the  reaction  of 
chrome  coordination  compounds  with  the  active  groups  in  protein  is  of  this  type. 
Numerous  investigations  of  the  effect  of  deamination  of  collagen  upon  the  fixa¬ 
tion  of  chrome  compounds  have  failed  to  provide  us  with  entirely  clear  understand¬ 
ing  of  the  nature  of  the  reaction  of  chrome  coordination  compounds  with  the  active 
groups  in  collagen. 

Study  of  the  shift  of  the  isoelectric  point  of  collagen  when  it  is  reacted 
with  tanning  substances  [3]  has  led  to  the  conclusion  that  the  addition  of  chrome 
coordination  compounds  to  protein  involves  the  formation  of  covalent  and  co¬ 
ordination  bonds. 

Recent  researches  [4,5]  on  the  effect  of  the  deamination  and  esterification 
of  collagen  upon  the  fixation  of  the  chrome compounds  likewise  provide  no  clear 
answer  concerning  the  nature  of  their  interaction.  Thou^  in  esterification  the 
reaction  may  involve  not  only  the  hydrogen  of  the  carboxyl  group,  the  authors  were 
unsuccessful  in  their  employment  of  a  chrome  compound,  which  may  contain  positiv¬ 
ely  and  negatively  charged  complex  chromium  ions.  All  this  made  it  impossible  to 
establish  the  nature  of  the  reaction  of  chrome  compounds  with  collagen. 

Settling  this  question  Is  of  importance  in  practice  in  establishing  the  cor¬ 
rect  operational  procedure  for  chrome  tanning.  Another  feature  of  the  research  is 
that  chrome  compounds  of  different  composition  and  charge  are  employed  in  tanning. 

The  present  paper  has  as  its  objective  determining  the  nature  of  the  inter¬ 
action  of  various  chrome  coordination  compounds  with  active  protein, groups  by 
making  a  study  of  this  Interaction  in  different  proteins  and  high-polymer  nonpro¬ 
tein  compounds  that  possess  some  common  active  groups. 

With  this  in  view,  we  chrome-tanned  unchanged  collagen,  collagen  with  blocked 
amino  groups,  silk  fibroin,  and  fiber  polyamides. 
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EXPERIMENTAL 


To  increase  the  reliability  of  the  results  obtained  in  this  study  of  the  nature 
of  the  interaction  with  proteins,  we  used  rather  elementary  chrome  compounds  for 
tanning,  the  charges  on  which  were  different.  The  compounds  were  prepared  from 
(chemically  pure)  chromic  hydrochloride  and  chromic  sulfate  by  increasing  the  has-, 
icity  with  a  caustic  alkali}  and  from  Cr(0H)3  by  reacting  it  with  concentrated  sulf¬ 
uric  acid  at  high  temperature,  followed  by  Increasing  the  basicity  with  an  alkali. 

The  resulting  chrome  compounds  had  the  following  characteristics  (Table  l) . 


TABLE  1 


- 

Nature  of  the  chrome  compound  in  solution 

Per  cent 
basicity 

Direction  of 
migration 

Chromic  hydrochloride  +  NaOH  . . . 

33.78 

Toward  the  cathode 

Chromic  sulfate  +  NaOH  . . 

36.12 

Toward  the  cathode 

Chromic  hydroxide  +  H2SO4  +  NaOH  ........... 

52.5 

Toward  the  anode 

The  derma  of  cowhide  was  used  as  the  collagen.  The  preliminary  operations  to 
isolate  the  derma  were  performed  as  in  the  leather  industry.  After  the  derma  had 
been  softened  and  washed  with  cold  water,  it  was  dehydrated  with  alcohol.  The  com¬ 
position  of  the  dehydrated  denna  is  given  by  the  following  analytical  figures  for 
the  absolutely  anhydrous  substance; 

Mineral  substances  . .  0.52^, 

Fatty  substances  . . 6.37^^ 

Protein  substance  .. ...  . . . . 92. 31^^ 

pH  of  a  potassium  chloride  extract..  5*75  • 

The  silk  fibroin  was  obtained  from  raw  silk  by  removing  the  sericin  with  olein 

soap. 

In  practice  the  silk  was  degummed  in  three  baths  at  a  temperature  of  95-9^°C, 
spending  I.5  hours  in  each  bath.  The  concentration  of  olein  soap  in  the  first 
bath  was  20  g  per  liter,  with  10  g  per  liter  in  the  second  bath  and  15  g  per  liter 
in  the  third.  Twenty-five  times  the  wei^t  of  solution  was  used.  After  the  third 
bath,  the  silk  was  washed  with  boiling  water,  the  temperature  being  gradually  're¬ 
duced  to  36®C,  until  all  the  alkali  was  removed.  This  was  checked  by  using  phenol- 
phthalein  with  the  wash  water,  until  no  coloring  was  produced. 

The  polyamide  used  was  a  fiber  produced  by  polymerizing  e- caprolactam.  The 
structure  of  the  polymerized  caprolactam  may  be  represented  schematically  as  fol¬ 
lows; 

. . .-NH-(CH2)5-CO»NH-OH2)5-CO“NH-(CH2)5-CO-. . o  [6] 

The  macromolecule  of  the  polyamide  has  a  linear  threadlike  structure,  without  any 
side  groups.  The  resemblance  between  the  polyamide  macromolecule  and  that  of  prot¬ 
eins  is  due  to  the  presence  of  amide  (peptide)  connecting  groups  -CONE-  in  the 
polyamide.  The  chrome  tanning  of  the  polyamide  fibers  aimed  at  shedding  li^t  upon 
the  part  played  by  peptide  groups  in  binding  tanning  compounds. 

The  samples  of  collagen,  silk  fibroin,  and  polyamide  fibers  were  soaked  with 
water  before  tanning.  They  were  soaked  in  20  times  their  weight  of  distilled  water 
for  14  hours.  The  soaked  samples  were  tanned  with  the  chrome  compounds  mentioned 
above.  Tanning  lasted  96  hours  without  turning. 

The  composition  of  the  tanning  baths  was  as  follows;  10  times  the  volume  of 
liquid}  solution  temperature  27°}  Cr203  concentration  -  20  g/liter.  The  bath  was 
stirred  once  a  day  during  the  tanning  process. 
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After  tanning  was  complete,  the  spent  liquor  was  poured  off,  and  the  samples 
were  allowed  to  lie  at  room  temperature  for  l8  hours »  This  was  followed  by  washing 
with  distilled  water  until  all  the  uncombined  chrome  compounds  had  been  washed  out. 

During  the  washing  process,  we  found  that  the  polyamide  samples  resumed  their 
original  color,  i.e.,  the  color  they  had  before  tanning.  This  indicated  that  the 
chrome  compounds  were  either  not  fixed  at  all  in  these  fibers  or  were  fixed  to  a 
negligible  extent.  No  chromium  was  found  when  the  chrome-tanned  polyamide  samples 
were  analyzed.  The  results  of  analysis  of  the  chrome=tanned  samples  of  collagen 
and  silk  fibroin  are  given  in  Table  2. 


TABLE  2  \ 


Cr203  concentration 
in  tanning  liquor, 
g/llter 

pH  of 
initial 
solution 

Collagen  I 

Silk  fibroin 

Per  cent  CrpOa  in 

samples 

Of  absolutely  Of  100  parts 
dry  weight  of  protein 

Of  absolutely 
dry  weight 

Of  100 
parts  of 
protein 

20 

1  2.8  1 

Basic  chromic  chloride 

33 *78^  basicity  (cathodic) 

1  5.3  6.45  1 

1.5 

1  1.5 

20  ' 

1  2.85 

Basic  chromic  sulfate 

36,12^  basicity  (cathodic) 

1  8.7  12.0 

1.6 

1  1.62 

20 

1  3.05 

Basic  chromic  sulfate 

32.5^  basicity  (anodic) 

1  7.1  9.27 

1  1-5 

1  1o34 

The  data  in  Table  2  indicate  that  the  binding  of  chrome  compounds  by  collagen 
and  silk  fibroin  depends  upon  the  nature  of  the  chrome  coordination  compound. 
About  1.7  times  less  basic  chromic  chloride  than  basic  cathodic  chromic  sulfate  is 
fixed  by' collagen,  while  1.4  and  1.5  times  less  of  it  is  fixed  than  the  basic 
anodic  chromic  sulfate. 

The  results  listed  in  this  table  indicate  the  sharp  difference  between  col¬ 
lagen  and  silk  fibroin  in  their  fixation  of  chrome  compounds.  In  the  samples 
tanned  with  basic  chromic  chloride,  4  to  5  times  as  much  of  the  chrome  compounds 
were  fixed  by  the  collagen  as  by  the  fibroin,  and  in  tanning  with  basic  chromic 
sulfate,  5  to  6  times  as  much  of  the  chi*ome  compounds  were  fixed  by  the  collagen 
as  by  the  fibroin.  It  should  be  noted  that  most  of  the  chrome  compound  is  fixed 
in  the  samples  tanned  with  the  basic  cathodic  chromic  sulfate. 

The  absence  of  any,  fixation  of  chrome  compounds  by  the  polyamide  fibers  might 
be  attributed,  at  first  sight,  to  the  fact  that  under  ordinary  conditions  the  poly¬ 
amides  are  highly  condensed  because  of  the  energy  of  Intermolecular  interaction, 
whereas  normal  tanning  processes  require  that  available  surfaces  be  rendered  ac¬ 
cessible  to  the  tanning  particles,  i.e.,  that  the  substance  be  swelled  somewhat. 
Peptization  of  the  polyamide  fibers  ruptures  the  intermolecular  interaction  forces, 
including  the  hydrogen  bonds.  To  effect  this,  the  polyamide  fiber  was  treated 
with  phenol,  after  which  the  latter  was  washed  out  by  intensive  washing.  If  the 
tanning  substances  react  with  the  hydrogen  bonds,  no  matter  what  the  nature  of  the 
substances,  a  polyamide  treated  in  such  a  manner  ought  to  fix  some  quantity  of 
tanning  compounds. 

The  polyamide  fibers  were  treated  with  solutions  containing  25  and  50  grams 


of  phenol  per  liter.  The  solution  used  was  25  times  the  weight  of  the  fiber,  the 
temperature  was  l8.5®C,  and  the  treatment  lasted  6.5  hours.  The  polyamide  fibers 
that  were  treated  with  a  solution  containing  50  g  of  phenol  per  liter  swelled  up 
appreciably.  The  swelling  was  less  noticeable  in  the  solution  containing  25  grams 
of  phenol  per  liter.  The  phenol-treated  fibers  were  washed  with  distilled  water 
until  the  ferric -chloride  test  was  negative.  The  fibers  were  tanned  with  the 
specified  chrome  compounds  immediately  after  washing  was  complete.  After  tanning, 
the  samples  were  washed  with  distilled  water;  the  color  of  the  fibers  was  the  same 
as  in  their  original  state. 

Analysis  of  the  chrome-tanned  fibers  indicated  that  chrome  compounds  do  not 
react  with  the  peptide  groups  of  a  polyamide,  no  matter  what  their  composition  or 
charge . 

Other  tests  were  run  to  explore  the  effect  of  a  preliminary  treatment  of  the 
oollagen  with  formaldehyde  upon  the  fixing  of  the  chrome  compounds  listed  .above. 
Formaldehyde  treatment  diminishes  the  number  of  active  basic  groups  in  the  collagen, 
the  number  of  carboxyl  groups  remaining  the  same;  this  ought  to  affect  the  fixation 
of  different  chrome  compounds  differently. 


To  make  sure  that  all  TABLE  5 


the  reactive  groups  had  en¬ 
tered  into  the  reaction, 
the  formaldehyde  treatment 
lasted  100  days,  the  form¬ 
aldehyde  concentration  be¬ 
ing  50  grams  per  liter, 
and  the  solution  pH  being 

Cr203  concentration 
in  the  tanning  sol¬ 
ution,  g/liter 

Per  cent  Cr203  (per  100  parts 
of  protein  substance) 

Untreated  j  Collagen  treated 
collagen  with  formalde- 

1  hyde 

Basic  chromic  chloride 

kept  at  9 *^-9 *6.  To  pre¬ 

33*8^  basicity  (cathodic) 

vent  the  accumulation  of 
salts  in  the  solution  as  a 
result  of  the  neutraliza¬ 

20 

% 

Basic 

1  6.45  1  6.36 

:  chromic  sulfate 

tion  of  the  formic  acid  by 

36.1^  basicity  (cathodic). 

the  caustic  alkali,  the 
formaldehyde  solution  was 
changed  whenever  its  pH 

20 

Basic 

1  12.0  1  8.15 

:  chromic  sulfate 

dropped.  The  'formaldehyde - 

33^  basicity  (anodic) 

treated  collagen  was  washed 
with  distilled  water  to  get 
rid  of  the  unreacted  formal- 

20 

1  9-27  1  6.8 

dehyde.  The  extent  to  which  the  unreacted  formaldehyde  had  been  eliminated  was 
determined  by  a  qualitative  reaction  of  the  wash  water  with  resorcinol.  Then  the 
samples  were  tanned  in  the  same  way  as  the  collagen  that  had  not  been  treated  with 
formaldehyde . 


The  results  of  the  fixing  of  chrome  compounds  by  treated  and  untreated  colla¬ 
gen  are  listed,  in  Table  5. 


The  data  in  Table  3  show  that  chrome -tanning  a  formaldehyde-treated  collagen 
with  cationic  chromic  chloride  compounds  produces  no  change  in  the  amount  of  fixed 
chrome  compounds,  compared  with  collagen  that  has  not  been  treated  with  formalde¬ 
hyde. 


But  when  formaldehyde -treated  collagen  is  chrome-tanned  with- basic  chromic 
sulfate,  the  fixation  averages  25^  less  of  both  the  cationic  and  the  anionic  chrome 
compounds. 

EVALUATION  OF  RESULTS 


It  was  noted  above  that  chrome  compounds  react  with  proteins  via  a  reaction  of 
the  chromiun atom  with  the  side  groups  in  the  polypeptide  chains.  This  view  of  the 
process  involving  the  reaction  of  chrome  compounds  with  proteins  has  been  borne  out 


in  the  present  research  hy  our  experiments  in  the  tanning  of  collagen^  silk  fibroin, 
and  a  polyamide.  The  chrome  compounds  are  fixed  most  by  the  collagen,  less  so  by 
the  silk  fibroin.  Polyamide  fibers,  which  have  no  side  chains  with  — COOH  or  -NH2 
groups,  do  not  react  with  chrome  compounds. 

The  smaller  amount  of  chrome  compounds  fixed  by  the  silk  fibroin  than  by  the 
collagen  may  be  explained  as  due  to  the  lesser  number  of  free  amino  and  carboxyl 
groups  in  the  silk  fibroin.  When  we  turn  to  the  amino-acid  composition,  we  see 
that  the  fibroin  has  much  less  of  the  diaminocarboxylic  and  monoaminocarboxylic 
acids  than  has  the  collagen. 

According  to  Gustavson  [v],  chrome  compounds  react  with  silk  fibroin  at  the 
peptide  groups  of  the  surface  chains.  He  asserts  that  the  peptide  groups  compen¬ 
sate  for  the  absence  of  the  active  groups  present  in  collagen. 

In  the  present  paper,  our  experimental  data  on  the  chrome-tanning  of  a  poly¬ 
amide  have  demonstrated  that  cationic  and  anionic  chrome  compounds  do  not  react 
with  peptide  groups.  ‘ 

Hence,  it  cannot  be  accepted  that  chrome  compoimds  react  with  peptide  groups 
in  silk  fibroin. 

The  results  of  chrome -tanning  formaldehyde -treated  collagen  (Table  5)  indi¬ 
cate  that  the  amount  of  fixed  cationic  chromic  chloride  does  not  depend  upon  whet¬ 
her  the  amino  groups  are  free  or  blocked  by  the  formaldehyde.  In  chrome  tanning 
with  anionic  chromic  sulfate,  on  the  other  hand,  the  amount  of  chrome  compound 
fixed  depends  upon  the  state  of  the  amino  groups. 

These  facts  indicate  that  when  collagen  is  chrome -tanned  with  cationic  chrom 

coordination  compounds,  the  latter  react  principally  with  the -carboxyl  groups, 
whereas  these  compounds  react  with  the  amino  groups  when  anionic  chrome  coordi¬ 
nation  compounds  are  used  for  chrome  tanning. 

Our  experiments  show  a  decrease  in  the  amount  of  fixed  cationic  chromic  sulf¬ 
ate  compounds.  At  first  glance,  it  would  seem  that  this  should  not  be  so,  inas¬ 
much  as  the  amount  of  cationic  chrome  compounds  fixed  does  not  depend  upon  whether 
the  amino  groups  have  reacted  with  the  formaldehyde  or  not.  An  yet  we  actually  do 
observe  a  decrease  in  the  amount  of  cationic  chromic -sulfate  compounds  fixed  by 
the  collagen.  Earlier  [7]^  the  decrease  in  the  fixation  of  cationic  chromium 
was  attributed  to  the  probability  that  formaldehyde -treated  collagen  is  less  able 
to  bind  the  hydrolyzed  acid  of  the  chrome  solution,  inasmuch  as  formaldehyde  in¬ 
activates  the  basic  groups  in  the  protein. 

This  is  not  an  exhaustive  explanation,  nor  could  it  ever  be  generally  appli¬ 
cable  to  chrome  coordination  compounds  of  various  types.  Our  figures  indicate 
that  the  behavior  of  the  cationic  chromic  chloride  is  independent  of  whether  the 
amino  groups  are  free  or  have  reacted  with  the  formaldehyde.  As  for  the  decrease 
in  the  fixation  of  cationic  chromic  sulfate,  that  is  due  to  a  change  in  the  com¬ 
position  and  charge  of  the  initial  complex  ion  during  the  tanning  process. 

In  an  earlier  paper  [©],  it  was  demonstrated  experimentally  that  chrome 
compounds  become  overcharged  during  the  tanning  process,  provided  the  anion  groups 
of  the  accumulated  acids  are  able  to  penetrate  the  inner  sphere  of  the  chrome 
coordination  compound.  This  phenomenon  may  be  due  to  the  fact  that  the  absorption 
of  the  basic  chrome  salt  by  the  collagen  disturbs  the  hydrolytic  equilibrium,  thus 
giving  rise  to  additional  quantities  of  acid  in  the  tanning  bath.  The  latter's 
anion  groups  penetrate  the  inner  sphere  of  the  coordination  compound  and  change 
the  composition  of  the  complex  ion  as  well  as  its  charge. 

Of  the  chrome  compounds  employed  in  our  research,  cationic  chromic  chloride 
suffers  no  change  during  tanning,  since  the  ability  of  the  chlorine  ion  to  pene- 
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trate  the  inner  sphere  of  the  coordination  compound  is  negligible  under  these  cir¬ 
cumstances  . 

As  a  result  of  the  increasing  quantity  of  sulfuric  acid  in  the  tanning  solu¬ 
tion,  as  compared  to  the  residual  chromium,  the  cationic  chromic  sulfate  is  able 
to  change  the  composition  of  the  complex  ion  and  its  charge  during  tanningj  that  is 
why  the  cationic  chromic  sulfate  becomes  anionic  during  the  tanning  process,  and 
its  reaction  with  formaldehyde -treated  collagen  begins  to  follow  the  pattern  of 
anionic  chrome  compounds  during  the  subsequent  tanning  period. 

SUMMARY 

1.  The  fact  that  a  polyamide  does  not  fix  chrome  compounds  indicates  that 
chrome  coordination  compounds  do  not  react  with  peptide  groups. 

2.  The  fact  that  silk  fibroin  fixes  less  of  the  chrome  compounds  than  does 
collagen  is  due  to  its  having  fewer  amino  and  carboxyl  groups  in  its  side  chains. 

5.  The  chrome  tanning  of  formaldehyde -treated  collagen  has  proved  that  catio¬ 
nic  chrome  compounds  react  chiefly  with  the  carboxyl  groups  of  collagen,  while 
anionic  chrome  compounds  react  with  its 'amino  groups. 

The  fixation  of  a  smaller  quantity  of  cationic  chromic  sulfate  by  formalde¬ 
hyde-treated  collagen  is  due  to  the  fact  that  the  chrome -tanning  process  involves 
a  change  in  the  composition  and  charge  of  the  complex  chromium  ions,  their  reac¬ 
tions  beginning  to  take  on  the  pattern  of  sinionic  chromta-  coordination  compounds. 
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THE  SPECIFIC  GRAVITIES  OP  MOLTEN  SALTS 


IN  SYSTEMS  OP  CONGRUENTLY  FUSING  COMPOUNDS 


I  P  Vereshchetina  and  N.  P.  Luzhnaya 

There  have  heen  many  research  papers  published  on  the  specific  gravities  of 
molten  salts.  In  addition  to  measurements  of  this  property  of  Individual  salts, 
the  variation  of  specific  gravity  with  composition  in  systems  consisting  of  two, 
three,  and  even  four  salts  has  been  investigated  [i]. 

Most  researchers  consider  specific  gravity  as  not  very  typical,  as  an  almost 
purely  additive  property  that  does  not  enable  one  to  draw  any  conclusions  regarding 
the  nature  of  the  interaction  among  the  system’s  components. 

Sh/artsman,  for  example  [2],  made  a  study  of  various  properties  of  the  melts  in 
the  AgNOa  --  Agl  system,  which  has  two  congruently  fusing  compounds,  and  secured 
linear  isotherms  for  the  specific  gravities  that  e^diibited  no  appreciable  devia¬ 
tions  from  additivity. 

But  in  some  instances,  where  the  compounds  formed  within  the  system  are  clear¬ 
ly  distinct,  the  specific -gravity  isotherms  depart  markedly  from  the  additive 
straight  line . 

Barzakovsky  [3]  recomputed  the  data  of  Mashovets  and  Lundina  [4]  on  the  spec¬ 
ific  gravity  of  the  KCl  -  MgCla  system  for  molecular  voliimes  and  found  a  noticeable 
plateau  on  the  specific -gravity  isotherm  at  TOO®  for  a  KCl  concentration  of  50  mol 
which  is  the  composition  of  carnallite. 

In  the  KCl  -  CaCl2,  KCl  -  CdCla^  and  NaCl  -  MgCl2  systems,  the  isotherms  of 
molecular  volumes  exhibit  a  slight,  though  noticeable  bend  in  the  region  of  the 
corresponding  compounds  [3], 

The  present  research  was  carried  out  with  systems  consisting  of  the  halides 
and  sulfates  of  potassium,  thallium,  and  zinc.  Some  of  the  systems  formed  by 
these  salts  had  been  previously  investigated  by  us  by  the  thermal  method,  and  we 
had  also  measured  their  conductivity  in  the  molten  state  [s].  We  found  that  sharp¬ 
ly  marked,  congruently  fusing  compounds  were  formed  in  all  these  systems. 

Investigation  of  the  conductivity  in  the  molten  state  at  temperatures  more 
than  100°  above  the  melting  points  showed  that  the  compounds  formed  within  these 
systems  exhibit  sharply  defined  minima  on  the  curves  of  specific  conductance.  We 
were  interested  in  learning  whether  these  compounds  are  manifested  in  any  way  on 
the  ’’composition  -  specific  gravity”  curves. 

EXPERIMENTAL 

Operational  procedure.  The  specific  gravities  were  measured  by  the  method 
of  hydrostatic  weighing,  which  is  widely  employed  for  measuring  density  at  high 
temperatures.  A  platinum  float,  suspended  by  a  fine  platinum  wire  from  the  pan  of 
an  analytical  balance,  was  immersed  in  a  crucible  containing  the  test  salt  mixture . 
The  specific  gravity  of  the  mixture  was  determined  from  the  ball’s  loss  of  weight. 
The  Instrument  was  graduated  with  chemically  pure  sodium  and  potassium  nitrates.  The 
furnace  in  which  the  crucible  was  heated  was  kept  ,  at  a  constant  temperature  by  means 
of  a  contact  galvanometer.  The  temperature  did  not  vary  more  than  0.5°  during  meas¬ 
urements  . 


K2CI2  -  ZnSO^  system.  Our  investigation  of  the  conductivity  of  this  system 
in  the  molten  state  showed  that  there  were  two  sharply  marked  minima  [5],  corres¬ 
ponding  to  the  composition  of  zinc  kainite  (KCl“ZnS04)  and  another  salt,  apparently 
5K2Cl2‘’ZnS04  or  a  ternary  compound. 

The  curves  for  the  specific  gravities  in  this  system  also  exhibit  a  marked 
change  in  direction  in  the  areas  corresponding  to  the  existence  of  kainite  and 
another  compound  of  the  composition  specified  above  (Fig.  l). 

A 


TABLE  1 


Specific  Gravity  of  the  Molten  K2CI2  - 
ZnS04  System 


Molar  1 

percent 

^75® 

<3500® 

<^25° 

<%50® 

K2CI2 

ZnS04 

58.11 

41.89 

2.157 

1 

2.l4l 

2.126 

2.106 

57.18 

42.82 

2.174 

2.157 

2.141 

2.125 

56.41 

43.59 

2.177 

2.162 

2.140 

2.125 

54.61 

45.59 

2.195 

2.178 

2.158 

2.146 

49.06 

50.94 

2.270 

2.265 

2.241 

2.222 

45.00 

55.00 

2.555 

2.517 

2.298 

2.284 

40.15 

59.85 

2.4i6 

2.400 

2.595 

2.564 

55.00 

65.00 

2.556 

2.525 

2.506 

2.479 

55.25 

66.77  ' 

2.546 

2.555 

2.511 

2.505 

51.72 

68.28 

2.562 

2.559 

2.521 

2.512 

50.75 

69.27 

2.581 

2.565 

2.557 

2.552 

28.29 

71.71 

2.616 

2.605 

2.581 

2.585 

24.74 

75.26 

2.693 

2.689 

2.671 

2.645 

The  figures  for  the  specific  grav¬ 
ities  at  temperatures  of  ^75^  500 ^  525; 
and  550®  are  listed  in  Table  1.  As 
seen  in  Fig.  1,  the  measurements  at 
475”  were  made  in  supercooled  melts, 
inasmuch  as  part  of  the  composition  and 
even  kainite  itself  crystallize  at 
higher  temperatures.  The  composition 
of  kainite,  KCl*ZnS04,  corresponds  to 
a  clearly  marked  plateau  in  all  four 
Isotherms. 


Fig.  1.  Specific -gravity  and  conduc¬ 
tivity  isotherms  of  the  K2CI2  *“ 

ZnS04  System. 

A-Temperature,°C;  B- conductivity;  C-speclflc 
gravity;  D-molar  %. 


K2Br2  -  ZnS04  System.  Corresponding  to  the  presence  of  a  single  compound 
of  the  kainite  type  (KBr • ZnS04 ) ,  the  specific  gravity  isotherms  display  a  single 
bend  at  the  composition  of  this  compound  (Fig.  2).  There  is  a  sharp  minimum  at 
this  point  on  the  "composition  —  specific  conductivity"  curves. 

Table  2  gives  the  specific  gravities  of  melts  of  this  system  at  ^00,  525,  and 
550° •  We  were  unable  to  employ  lower  temperatures  because  of  the  difficulty  of 
producing  supercooled  states  in  this  system. 

TI2CI2  ~  ZnS04  System.  Since  the  specific  gravity  of  thallium  chloride  is 
much  higher  than  that  of  zinc  sulfate,  the  slope  of  the  specific-gravity  isotherm 
is  opposite  to  that  of  potassium  salts.  Melts  with  a  high  percentage  of  TlCl  have 
specific  gravities  in  excess  of  4.5 . 

Here ,  too ,  there  is  a  slight  change  in  the  curvature  of  the  curve  near  the 
composition  of  kainite  (TlCl“ZnS04) ,  but  it  is  less  marked  and  somewhat  shifted  to 
the  right  of  that  compound’s  composition  (Fig.  3)« 
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TABIiE  2 


Specific  Gravity  of  the  Molten  KqBtz  ” 
ZnS04  System  '  • 


■Pt. 

NOn 

Molar 

Dercent 

^500® 

<^25® 

d550® 

KzBT2 

ZnS04 

1 

60.00 

40.00 

2,597 

2.575 

2.559 

2 

54,48 

It5.52 

2.642 

2.622 

2.611 

.5 

49.88 

50.12 

2.681 

2.662 

2.655 

hr 

45.42 

54.58 

2.705 

2.683 

2.667 

5 

53.40 

66,60 

2.778 

2.765 

2.755 

6 

51.91 

68.09 

2.806 

2.789 

2.784 

7 

26.38 

75.62 

2.861 

2.848 

2.857 

F^g.  5.  Isotherms  of  specific  grav-  * 
ity  and  conductivity  of  the  TI2CI2 


ZnS04  system.  , 

A-  Condttctlvitjr;  B  specific  gravity;  C-  molar 


ity  and  conductivity  for  the  K2Br2  "" 
ZnS04  system. 

A-'mperature  B  conductivity;  c-  specific 
gravity;  O-molaf  , 


TABLE  5 

I 

Specific  Gravity  of  the  Molten  TI2CI2 
ZnS04  System 


Pt. 

Molar  per  cent 

<3450® 

^75® 

^500® 

No. 

^Tl2Cl2 

ZnS04 

1 

50.00 

50.00 

4.548 

4,512 

2 

43.10 

56.90 

4.421 

4.595 

4.576 

5 

36.98 

63.02 

4,277 

4.254 

4.227 

4 

54.52 

65.48 

4.223 

4.203 

4.177 

5 

55.42 

66.58 

4.196 

4.179 

4.155 

6 

51.72 

68.28 

4.146 

4.121 

4.094 

7 

29.54 

70.66 

- 

4.091 

4.076 

Table  3  gives  the  specific  gravities  of  melts  of  the  TI2CI2"*  ZnS04  system  at 
temperatures  of  ^50,  k'J^,  and  5OO® , 

KpSOa  ~  ZuSOa  System.  This  system  contains  two  congruently  fusing  compounds s 
ZnS04*K2S04  and  2ZnS04‘*IC2S04.  The  former  compound  is  hardly  apparent  on  the 
specific -gravity  isotherms  (Fig.  though  both  compounds  correspond  to  sharply 
marked  minima  on  the  specific -conductivity  isotherms.  The  second  compound  is  more 
clearly  marked,  there  even  being  a  slight  plateau,  at  a  composition  of  2ZnS04.“K2S04, 


TABLE  k 


Specific  Gravity  of  the  Molten  K2SO4  - 
ZnS04  System 


Pt. 

No. 

1  Molar  r 

)er  cent 

<^00® 

^25® 

^50® 

K2SO4 

ZnS04 

1 

57.00 

43.00 

2.509 

2.496 

2.485 

2 

51.74 

48.26 

2.543 

2.526 

2.515 

3 

50.00 

50.00 

2.559 

2.546 

2.535 

4 

48.01 

51.99 

2.592 

2.574 

2.556 

5 

44.58 

55.42 

2.621 

2.604 

2.595 

6 

59.57 

60.43 

2.680 

2.656 

2.641 

7 

35.01 

64.99 

2.728 

2.705 

2.692 

8 

53.45 

66.57 

2.731 

2.714 

2.708 

9 

31.00 

69.00 

2.751 

2.737 

2.727 

10 

29.71 

70.29 

- 

2.766 

2.757 

11 

25.13 

74.87 

— 

2.831 

2.812 

on  the  500“  isotherm,  i.e.,  at  a  temper¬ 
ature  that  is  only  l6°  above  the  com¬ 
pound's  melting  point. 

Table  4  gives  the  specific  gravi¬ 
ties  of  melts  of  the  K2SO4  -  ZnS04  sys¬ 
tem  at  500,  525,  and  550*. 


Fig.  4.  Isotherms  of  specific 
gravity  and  conductivity  of  the 
K2SO4  —  ZnS04  system. 


A-Temperature  ‘b;  B- conduct lyity;  C-spucific 
gravity;  D-molar  %. 


SUMMARY 

1.  Inspection  of  the  diagrams  of  the  four  systems  K2CI2  "*  ZnS04,  K2Br2  —  ZnS04, 

TI2CI2  -  ZnS04,  and  I^S04  —  ZnS04  at  temperatures  between  475  550°  indicates 

that  congruently  fusing  compounds  are  manifested"  more  or  less  clearly  on  the 
"specific -gravity  -  composition"  curves. 

2.  The  specific  gravity  alone  cannot  be  used  as  a  sufficiently  definite  index 
of  ::he  presence  of  a  compound  in  the  system,  even  when  the  latter  contains  a 
clearly  marked  congruently  fusing  compound. 
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THE  EFFECT  OF  THE  GEOMETRICAL  PARAMETERS  OF  THE  ELECTROLYZER 

UPON  THE  DISTRIBUTION  OP  ELECTRIC  ENERGY  WITHIN  IT 


Vo .  P.  Mashovets  No  Vo  Pomotskayap  No  Lo  Lomarov  and  Uo  P.  Turomshina 


All-onion  Aluninnn  and  MaKneslun  institute 


The  spatial  distribution  of  the  electric  energy  in  an  electrolyzer  is  closely 
reflected  in  its  operation.  The  distribution  of  current  density  at  the  electrodes 
governs  the  thickness  of  the  metal  deposited  on  the  cathode  in  electroplating!  it 
also  plays  an  important  role  in  other  electrochemical  processes,  inasmuch  as  the 
current  efficiency  depends  on  the  current  density.  The  distribution  of  the  spec¬ 
ific  power  throughout  the  electrolyte  governs  the  heating  in  various  zones  of-  the 
electrolyzer,  which  is  particularly  important  in  the  electrolysis  of  molten  baths. 


The  field  distribution  is  governed  by  the  geometry  of  the  electrolyzer  as 
well  as  by  electrochemical  factors;  the  conductivity  of  the  electrolyte,  the  cur 
rent,  and  the  polsirization  as  a  function  of  the  current  density. 


The  present  paper  discusses  the  influence  of  the  geometrical  factors  in  one 
particular  case. 


EXPERIMENTAL 


The  bath  used  had  the  form  of  a  single-anode  aluminum  bath,  though  the  results 
of  our  measurements  cannot  be  applied  Quantitatively  to  an  actual  aluminum  bhth, 
inasmuch  as  the  electrochemical  conditions  were  quite  different.  We  used  an  aque¬ 
ous  solution  of  150  grams  of  CuS04°5H20,  ^9  grams  of  H2SO4,  and  50  grams  of  alcohol 
per  liter,  with  copper  electrodes.  Direct  copying  of  an  aluminum  bath,  using  molten 
cryolite  at  about  1000®  entails  almost  insuperable  experimental  difficulties.  The 
present  paper  must,  therefore,  be  regarded  merely  as  a  first  approximation.  Even 
in  this  form,  however,  we  can  get  interesting,  even  though  only  qualitative,  indi¬ 
cations  of  the  influence  of  the  various  geometrical  psurameters  upon  the  field  dis¬ 
tribution  within  the  electrolyzer. 


The  experimental  method  of  plotting  the  field 
by  one  of  the  present  authors  [1]  and  will  not  be 
set  forth  here.  The  electrolytic  bath  is  shown 
in  plan  in  Fig.  1.  The  ^  part  of  the  cathode 
corresponds  to  the  exposed  carbon  wall  of  the 
bath,  while  the  section  ^  represents  the  aluminum 
on  the  bottom  of  the  bath.  The  ^  section  of  the 
anode  corresponds  to  the  vertical  surface  of  the 
anode,  and  the  section  ^  to  its  horizontal  sur¬ 
face,  In  some  of  our  tests  the  ^  section  of  the 
cathode  was  replaced  by  a  glass  wall,  a  model  of 
this  sort  corresponding  to  a  bath  in  which  the 
carbon  wall  is  insulated  by  a  lining  of  hardened 
electrolyte. 


has  already  been  described 


Fig.  1.  Schematic  plan  of 
bath. 


\ 


The  following  parameters  were  variables  ^  -  the  distance  from  the  ^ode  to 
the  side  wall}  H  -  the  depth  of  the  electrolyte 5,  and;  L“.  the  interelectrode  dis¬ 
tance  in  a  real  hath.  Let’  us  say  that  L  =  2  cm,  =  18-25  cm,  and  H  =  9-1^  cm, 
for  example,  the  scale  of  the  model  is  about  0.4  of  natural  size.  The' distance 
M  is  unimportant,  as  will  be  shown  later 5  it  was  always  taken  as  12  cm.  All  meas¬ 
urements  were  made  at  a  temperature  of  25  +  0.2®  and  a  current  I  =  50  milliamps. 
All  the  other  details  of  the  measurements,  as  well  as  the  method  of  plotting  the 
field  and  working  up  the  results,  have  been  described  previously  [i]= 


In  the  subjoined  tables  the  following  notation  has  been  employed? 

J  =  current  density j  at  the  cathode,  J^y^  C  =  average  current  density,  while 
As-f  Ac  ‘the  ciirrent  densities  at  the  cathode  points  a,  b  (where  it  is 

a  minimum),  and  c  (where  it  is  a  maximum)  5  at  the  anode,  jave.^  =  average  ciirrent 
density,  while  and  j,f  are  the  current  densities  at  the  anode  points  d 

(where  it  is  a  minimum,  except  in  the  experiments  with  a  small  value  of  H)  ,  the 
anode  corner  e  (where  it  is  a  maximum),  and  the  anode  point  f  (since  the  field  is 
homogeneous  in  this  zone,  jf  =  "with  the  exception  of  the  experiments  in  which 
L  was  very  large]j  and  I^-b,  and  sx®  "^he  percentages  of  the  current  that 

pass  through  the  respective  sections  of  the  cathode;  ab  (the  "vertical  wall"),  bd, 
(the  "horizontal"  section  "beyond  the  anode"),  and  dc‘~Tthe  "horizontal"  section  ■’ 
'beneath  the  anode"). 

The  current  density  and  the  distribution  of  the  current  at  the  cathode  are 
determined  from  the  field  map. 


E  is  the  total  voltage  across  the  bath  (measured  directly) . 

X  is  the  resistivity  of  the  electrolyte  5  it  is  given  as  the  mean>  of  the 
values  determined  from  Equations  (7)  and  (8);*  .  , 

W  is  the  powerj  Wq  is  the  overall  power  from  Equation  (9)5  Wg  is  the  "ohmic" 
power,  in  the  electrolyte)  Wa  and  WC  are  the  anodic  and  cathodic  "polarized" 
powers,  from  Equation  (ll)) 


dW 

~  is  the  differential  specific  power;  max.  at  the  corner  of  the  anode,  from 
Equation  (15)^  min.  at  the  corner  of  the  cathode,  from  Equation  (17)^  except  in 
the  bath  with  an  insulated  "  side"  wall  where  (dW/dV)min.  “  ^  (near  point  a). 
dW  N  /^dW\ 

Ky  =(  ^  )m£ix  '  variation  factor  of  the  distribution  of  the 


iln. 


specific  power) 


Re  ==  We/l^  is  the  effective  ohmic  resistance  of  the  electrolyte') 

Ce  is  the  "  ohmic  constant"  of  the  bath>  from  Equation  (19)* 

Se  is  the  "derived*'  cross  section  of  the  electrolyte  without  allowing  for 
polarization,  from^Equatlon  (19)  ^  with  Sq  the  same  quantity  with  pol'arization 
allowed  for,  from  Equation  (18)  (using  the  "derived"  interelectrode  distance  le  ~ 

=  io  =  L) .  . 


Influence  of  the  Distance  from  the  Anode  to  the  "Side  Wall", 


The  choice  of  the  distance  form  the  anode  to  the  side  wall  in  an  aluminum 
bath  is  governed  by  the  following  considerations.  If  this  distance  is  too  small, 
no  lining  is  formed  on  the  side  wall,  and  it  operates  as  a  cathode.  The  aluminum 
deposited  on  the  carbon  cathode  is  combined  into  a  carbide,  and  thus  the  current 
branching  off  to  the  side  wall  is  wasted.  When  the  distance  between  the  anode 
and  the  side  wall  is  too  great,  the  increase  in  the  dimensions  of  the  bath  in¬ 
creases  its  heat  losses,  and  hence  the  specific  energy  consumption.  This  distance 
is  chosen  as  ^<-0  to  60  cm,  depending  upon  the  rating  of  the  unit,  in  industrial 
baths  for  practical  and  design  reasons. 

In  order  to  obtain  clear  results,  the  distance  ^  was  varied  within  very  wide 
limit s^in  our  experiments,  ranging  from  2  to  50  cm.  The  other  parameters  were 
All  nuirijered  equatioos  are  given  in  our  preceding  paper  [1]  -. 
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kept  constants  L  =  2  cm  and  H  =  l4  cm,  while  this  was  being  done.  The  results  are 
summarized  in  Table  1  (values  that  diverge  excessively  are  given  in  parentheses), 
while  the  changes  in  the  nature  of  the  field  and  the  current  densities  are  shown  in 
Figs.  2,  4. 


osf  av  0)7 


iiii^ 


m 


tM 


■ 


TABLE  1 


•  Field  Characteristics  as  functions  of  the  "Anode  ~  Side  Wall"  Distance  Q 

f 


As  the  side  -vrall  is  moved  away  (Q  increases),  the  current  density  at  that  wall 
diminishes,  especially  in  the  lower  portion  of  the  wall  (at  the  coal) 5  increases 
at  the  horizontal  section  of  the  cathode,  "beneath  the  anode.  .  •  . 

The  redistribution  of  the  current  at  the  cathode  lightens  the  load  on  the 
"side  wall’'5  the  proportion  of  the  current  passing  to  the  cathode  beneath  the  anode, 
2^,  increases.  The  current  density  diminishes  at  the  peripheral  section  of  the 
cathode  (beyond  the  anode) 5  but  since  the  increase  in  ^  increases  the  area  of  this 
section  of  the  cathode,  the  proportion  of  the  current  carried  by  it,  Jbd^  rises. 

The  anodic  current  density  is  likewise  distributed  less  evenly. 

All  these  changes  are  very  prominent  at  low  values  of  ^  ( <  12  cm)j  the  effect 
of  putting  the  side  wall  farther  away  is  slight. 

The  changes  in  the  power  and  in  the  "bath  constant,"  Ce^  are  hi^ly  interesting. 
These  quantities  rise  until  ^  =  12  cm,  but  when  £  rises  still  hi^er,  they  begin  to 
drop.  At  that  distance  the  'side  wall"  plays  so  unimportant  a  role  in  the  field 
distribution  that  its  recession  is  masked  by  the  rise  in  the  "peripheral"  section 
of  the  cathode.*  It  is  noteworthy  that  not  only  does  the  "ohmic"  power  rise  with 
an  increase  in  £  (up  to  Q  =  12  cm),  but  the  "polarization"  power  (W^  +  Wq)  does  as 
well,  thou^  the  mean  cathode  current  density  drops  off,  while  that  of  the  anode 
remains  constant.  This  is  due  to  the  fact  that  the  current  density  is  distributed 
less  evenly,  and  therefore,  as  £  increases,  more  and  more  of  the  current  is  carried 
by  heavily  loaded,  and  hence  strongly  polarized,  sections  of  the  electrodes. 

The  unevenness  of  the  distribution  of  the  specific  power  (Ky)  becomes  very  high 
at  large  values  of  £. •  ’  ,  ’ 

The  derived  cross  section  of  the  electrolyte,  Se  and  Sq,  varies  inversely  with 
Ce,  as  follows  from  Equations  (18)  and  (19)«  We  shall  consider  the  magnitude  of 
the  derived  section  later  on. 

In  baths  with  an  insulated  "side  wall” (cf  Fig.  5  and  Fig.  5;  where  baths 
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Power 

,  W-10" 

3 

i1>  of 

w) 

dW/dV, 

W/cm®»10"® 

Ky 

Re 

in^^ 

Ce, 
cm  ^ 

Derived  cross  > 

1  section,  cm^ 

Fig. 

No, 

Wo 

We 

Wa+W^ 

L 

min. 

So 

Se 

jam 

0.095 

8.1 

1001 

2 

0.105 

7.2 

9.5** 

5o90 

5.64 

59o2 

558 

2,8 

199 

1,56 

0,136 

6.0 

14.7 

10,37 

4.37 

6,00 

57.5 

(564) 

5.0 

(121) 

1.75 

0.141 

6.0 

'  14,2 

9.35 

4.28 

5.05 

54.3 

665 

0,26 

2550 

1.71 

0,137 

6.7 

l4.6 

5 

(8.83) 

(5.63) 

5.20 

(59.0) 

512 

0,23 

2220 

1.45 

0,127 

6,5 

15.7 

9-59 

4.25 

5,14 

54.8 

567 

0,01 

56700 

1.70 

0.,3t58 

6,6 

14,5 

4 

'E/lEIE,  1 


Bath  with  Insulated  wall  ah 


8,75 

4.18 

4,57 

52.2 

652 

- 

1,67 

0.136 

7.0 

14,7 

8,10 

4.13 

5.97 

49.0 

623 

- 

- 

1.65 

0,139 

7.5 

14,4 

7.99 

4,00 

5.99 

A*- 

50.0 

385 

- 

I06O 

0.137 

7.5 

l4.6 

•f 

with  equal  ^  are  compared),  the  cathode 
current  density  rises,  of  course.  But 
the  proportion  of  the  current  that 
passes  through  the  "suhanodic"  portion 
of  the  cathode  (idc)  rises  comparatively 
little,  i.e.,  most  of  the  "side  wall" 
current  is  transferred  to  the  ’periph¬ 
eral"  portion  of  the  cathode  (ibd) o 
The  "hath  constant"  Ce  suffers  practic¬ 
ally  no  change,  which  indicates  the 
very  small  part  played  hy  the  " side 
wall"  in  the  overall  resistance  of  the 
hath  for  values  of  ^  >  12  cm.  The 
power  ought  to  rise  when  the  side  wall 
is  insulated^  its  slight  drop  is  due, 
in  part,  to  the  increased  specific  con¬ 
ductivity  and,  in  part,  to  prohahle 
errors  in  measurement. 


5 

Fig .  5 .  Bath  'field  "witB^’a  honconduct- ~ 
ing  wall  ^  at  Q  =  l8,  H  =  l4,  and  L 
=  2  cm,  with  curves  of  current  density, 


Influence  of  H,  the  "depth  of  the  electrolyte 

Raising  the  level  of  the  electrolyte,  and  hence  increasing  the  amount  of  the 
latter  ^n  the  aluminum  hath,  results  in  more  uniform  operation.  The  thermal  Inertia 
increases,  and  the  change  in  the  electrolyte  composition  due  to  adding  silica  is 
diminished.  On . the  other  hand,  raising  the  level  increases  the  area  of  the  hath’s 
side  wall,  impair^  the  conditions  for  the  formation  of  a  lining  on  it,  and  thus  en¬ 
tails  the  danger  of  current  being  wasted  "on  the  side." 

In  modern  haths,  the  depth  of  the  electrolyte  varies  in  practice  from  15  cm  in 
small  haths  to  30  and  even  ^5  cm  in  large  haths,  in  which  the  distance  from  the 
anode  to  the  side  wall  is  leurge. 
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TABLE  2 

I 

Field  Characteristics  as  Functions  of  the  ’’Depth  of  Electrolyte,”  H 


Bath 

No. 

\ 

H, 

cm 

Current  density. 

milliamp/cm2 

Cathode  current 

E, 

milli¬ 

volts 

1 .10-3 

infl*  cm”^ 

Cathode 

A 

node  1 

U.. 

J.D  UJ.  XUl 

4.U  XUU. 

IC-i 

% 

0 

m 

Jb 

‘‘IT 

Jav.A 

lab 

Ibd 

Ide 

8 

5 

lo5l 

0.04 

5  ■5'* 

7.2 

3.44 

3.90 

0.2 

17.3 

82.5 

219.5 

87.7  ■ 

9 

9 

1.28 

0.10 

0.09 

5.1 

7.1 

0.85 

2.66 

2.4 

23.7 

75.9 

(174.4) 

72.6 

5 

l4 

1.135 

,0.35 

O.IC 

2.83 

7.5 

0.80 

2.10 

6.7 

25  o3 

68.0 

80.1 

10 

20 

1.00 

0,40 

0.07 

2.63 

5.0 

0.50 

1.67 

11.8 

27.0 

61.2 

155.2 

11 

30 

CO 

d 

0.55 

0.07 

2.50 

4.6 

0.45 

1.26 

21.5 

20.3 

58.2 

143.2 

79.8 
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9  i 

9 

1.67 

N 

0.2G 

3.06 

5.45 

(1.05) 

2.66 

-- 

27.5 

72.5 

189.7 

5  i 

14 

1.67 

- 

0.6c 

2.86 

7.2- 

0.55 

2.10 

- 

31.5 

68.7 

161.9 

10  i 

-  20 

1.67 

- 

0.6c 

2.90 

4.8^ 

0.35 

1,67 

- 

52.5 

67.5 

171 0  2 

In  our  tests,  H  was  varied  from  5  to  50  cm,  ^  being  kept  constant  at  lo  cm 
and  L  at  2  cm.  The  results  are  summarized  in  Table  2}  the  change  in  the  nature  of 
the  field  is  visible  in  Figs.  6,  5^  and  7*  As  H  rises,  the  area  of  both  electrodes 
increases,  and  the  current  density  decreases  accordingly.  At  the  anode  this  de¬ 
crease  takes  place  over  the  entire  surface 5  but  at  the  cathode  it  occurs  only  at 
the  ’’horizontal”  part  "beneath  the  anode,’’  The  current  density  rises  at  the  parts 
of  the  cathode  that  are  far  from  the  anode,  especially  at  the  ’’side  wall.”’  That 
is  why  the  current  carried  by  the  peripheral  part  of  the  cathode  (ltd),  and  es¬ 
pecially  by  the  »side  wall"  (lab)^  risesj  the  latter  rise  is  due  to  a  rise  in  the 

.  ,  current  density,  as  well  as  to 

,  an  increase  in  the  su’ea  of  the 

’’side  wall".  V. 

^  tva  ,  4  ... 

The  power  —  the  ohmic 
as  well  as  the  polarization 
power  —  diminishes,  the  latter 
dropping  not  only  in  absolute 
magnitude  but  also  in  per  cent. 
This  is  due  to  the  drop  in  the 
current  density  with  the  correS' 
ponding  decrease  in  the  polar¬ 
ization.  The  spatial  distrib- 
Aition  of  the  specific  power,  is 
evened  out,  i.e.,  the  variation 
factor  Ky  drops.  The  "bath 
constant”  Ce,  drops,  i.e.,  the 
resistance  of  the  bath  likewise  drops 5  the  derived  cross  section  of  the  electrolyte 
rises  accordingly.  ^ 

When  the  "side  wall”  is  insulated  (Figa  5  8,  cf  Figs.  3  and  7)^  "the  cur¬ 

rent  density  on  the  ’’vertical”  part  of  the  anode  drops.  The  current  density  in  the 
peripheral  part  of  the  cathode  rises  sharply.  Therefore,  the  redistribution  . 


Fig.  6.  Bath  field  at  Q  =  18,  H  3, 
2  cm,  with  curves  of  current  density 


TABLE  2 

2  cnij  Q  =  l8  cm. 


Power , 

W»10"3 

Wo 

We 

Wa+Wc 

W/cnp"lO~Q 

(^  of  ^ 

rr\  max.  min. 


Re 

% 

in 

a 

35  6.62  bO.4 

75)  (3.97)  (i^5-5 

5.05  5^.3 

3.96  51.8 


60.4  591 
45.5)  69^^ 
54.3  665 


0.037 

0,22 

0.26 


0,1114-1  2540 


3.90  I  3.26  I  44,1  1  266  '  0,12  I  2220  I  1,56  I  0,1251  8.8  I  16.O 
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4,22 

5.26. 

55.7 

366 

- 

- 

1,69 

0,137 

6,5 

l4,6 

4.13 

3.97 

49,0 

623 

- 

- 

1,65 

0,159 

7.3 

14.4 

3.53 

5.05 

58.7 

283 

- 

- 

1,41 

0,117 

7.05 

17.1 

of  the  current  at  the  cathode  actually  boils  down  to  the  "side  wall"  current  being 
switched  to  the  peripheral  "horizontal"  part.  There  is  practically  no  change  in 
the  current  passing  through  that  peirt  of  the  cathode  "beneath  the  anode,"  But  at 
large  values  of  H,  any  further 
increase  in  the  "vertical"  part 
of  the  anode  has  almost  no  ef¬ 
fect  upon  the  current  distribu- 
tion,  and  the  proportion  of  the 
current  carried  by  the  peripheral 
and  "subanodic"  parts  of  the 
cathode  remain  practically  un¬ 
changed. 

When  the  "side  wall*  is  in¬ 
sulated,  a  marginal  effect  is 
noted  in  the  cathodic  current 
distribution^  the  current  density 
is  hi^er  at  the  edge  of  the 
cathode,  at  point  b,  than  in  ad¬ 
jacent  parts  of  the  cathode,  loc-  j 

cated  closer  to  the  anode.  This 
is  readily  seen  in  the  cathode 
density  curves  of  Figs,  5  and  8, 

The  marginal  effect  is  due  to  the 

fact  that  the  tube  of  force  sery^  ,  ■  ' 

ittg’ the  outermost  parts  of  the  Fig.  7.  Bath  field  at  Q  =  I8,  H  =  20, 

cathode^  is  widened  in  its  central  and  L  =  2- cm,  with  curves  of  current 

section,* i,e, ,  at  point  a,  and  density 

hence  has  lowered  resistance. 


The  changes  in  the  power,  the  "bath  constant,"  and  the  derived  cross  section 
of  the  electrolyte  caused  by  insulation  of  the  "side  wall"  are  negligible,  lying 
within  the  limits  of  measurement  error.' 


TABLE  3 

Field  Characteristics  as  Functions  of  the  "Interelectrode  Distance"  L 


Bath 

No. 

L, 

cm 

Current  density. 

,  milliamp/cm2 

•I 

Cathode  current 
distribution 

E, 

mllli- 
;  volts 

x-lO®, 
fl'cm  ^ 

Cathode  j 

Anode  ^ 

m 

^bd 

^dc 

jla 

ib 

Je 

Jf 

t)e 

Jd 

«3ave.A 

10 

2 

0.40 

0.07 

2.63 

2.63 

5.0 

0.50 

1.67 

11.8 

27.0 

61,2 

153  0  2 

86.1 

12 

4 

0,50 

0.15 

2,45 

2.45 

O06O 

1.79 

i4.3 

27.4 

58.3 
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72.4 

15 

8 
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2.0 
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1.25 
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44.4 
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14 

12 
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0,2 
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2.50 
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75.1 

15 

16 

1.85 

0,2 

1.87 

2,0 

9»1 

2.50 

3.16 

29.2 

28.6 

42.2 

504.5 

.72.9 

16 

19 
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0,25 

1.85 

2.6 

15.6 

5.10 

3.90 

30.4 

27.4 

42.2 

587.7 

80.0 

Bath 

with 

insulated  wall 

ab  ' 

jave.^ 

=  1 . 67 ,  inA/cm' 

10  i 

2 

- 

0.60 

2.90 

2.90 

4.85 

0.35 

1.67 

- 

^2.5 

67.5 

171.2 

85.5 

15  i 

8 

0,90 

2.45 

2.45 

7.1 

0.85 

2.0 

- 

44;6 

1  ^ 

55.4 

537.1 

85.0 

15  i 

16 

- 

12.0 

2.28 

2.28 

9.4 

2.45 

3.16 

- 

51.2 

ka.a 

536.4 

78.7 

Influence  of  the  '* Interelectrode  distance”  L. 


The  distance  from  the  horizontal  surface  of  the  anode  to  the  surface  of  the 


metallic  aluminum  in  the  aluminum  bath  depends  upon  the  thermal  operation'  condi¬ 
tions  of  the  bath,  varying 


within  very  narrow  limits  in 
practice 5  4.5  to  5.5  cm.  In 
our  tests  L  was  varied  from 
2  to  19  cm,  with  H  constant 
at  20  cm,  )^d  Q  constant  at 
18  cm. 

V  I 

This_H;g  ratio  is  impos¬ 
sible  in  an  actual  aluminum 
bath.  The  large  value  of  H 
was  chosen  to  Increase  the 
possible  range  of  values  for 
L,  thus  providing  a  clearer 
picture  of  the  influence  of 
this  variable. 

The  results  are  given 
in  Table  3,  the  changes  in 
the  field  being  shown  in  Figs 
7  and  9- 


As  L  increases,  the 

Fig.  8.  Bath  field  with  a  nonconducting  •  anode  area  diminishes  and  the 

wall  ^  at  Q  =  18,  H  =  20,  and  L  =  2  cm,  ,  mean  anodic  current  density 

with  curves  of  current  density.  rises.  This  rise  occurs 

entirely  in  the  "vertical" 

p6U*t  of  the  anode  and  at  the  corner.  The  current  density  at  the  cathode  is  evened 
out .  4 ^  ,  jc  drops  at  the  ’’horizontal"  part  ’’beneath  the  anode”  and  rises  at 
the  "side  wall’’  so  that  when  L  approaches  the  value  of  £,  jia  =  jc*  value 

of  L  is  raised,  the  proportion  of  the  current -carried  by  the  cathode  ’’beneath  the 


TABLE  3 

l8  cmj  H  =  20  cmj  jave.C  mill lamps /cm' 


max 


Bath  with  insulated  wall  ah 


anode”  decreases,  while  that  carried  hy  the  "side  wall”  rises,  rapidly  at  first  and 
then  very  slightly.  The  proportion  of  the  current  carried  by  the  peripheral  "hor¬ 
izontal”  pant  of  the  cathode,  Xbd^  changes  very  little,  passing  throu^  a  flat- 
maximum. 


The  voltage  across  the 
bath  and  the  total  power 
increases  almost  linearly. 

The  rise  in  power  is  due 
solely  to  the  ohmic  losses s 
the  "polarization"  power 
remaina  practically  cons¬ 
tant,  as  its  percentage  of 
the  total  power  diminishes. 

The  maximum  current 
density  at  the  corner  of  the 
anode  and,  hence,  the  maxi¬ 
mum  specific  power,  increase, 
doing  so  especially  rapidly 
at  large  values  of  L,  The 
minimum  current  density  at 
the  angle  of  the  cathode  and 
the  minimum  specific  power  ' 
likewise  increase,  though  more 
slowly  when  L  is  large  than  at 
low  values  of  L,  As  a  result, 
the  variation  factor  of  the  energy  distribution,  Ky,  passes  through  a  minimum  at 
middle  values  of  L, 


Fig,  9=  Bath  field  at  Q  =  l8>  H  =  2,0 
and  L  .=  l6  cm,  with  curves  of  current 
density.  i 


The  "bath  constant,"  Ce,  like  the  ohmic  power  We^  rises  almost  linearly.  The 
derived  cross  section  of  the  electrolyte  was  computed  from  Equations  (l8)  and  (19) 
on  the  assumption  that  the  derived  fnterelectrode  distance  1q  =  L.  The  derived 
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cross  section  rises  rapidly  at  first/  owing  to  the  increase  in  the  heavily  loaded 
part  of  the  catho'de,  after  which  it  passes  through  a  maximum  and  then  falls  off. 

The  value  of  Sq  (allowing  for  polarization)  approaches  that  of  Sq  (without  allow¬ 
ing  for  polarization)  as  L  increases,  corresponding  to  a  relative  decrease  in  the 
importance  of  the  polarization  power. 

When  the  ” side  wall”  is  in¬ 
sulated  (Figs.  8  and  10,  cf 
Figs.  7  and  9),  there  is  prac¬ 
tically  no  change  in  the  cur¬ 
rent  distribution  at  the  anode j 
at  the  cathode,  the  current 
passing  through  the  "side  wall” 
is  shifted  principally  to  the  ‘ 
peripheral  "horizontal"  port-  ' 
ion,  the  current  density  and 
the  percentage  of  the  current 
rising  relatively  little  at  the 
"suhanodic"  part  of  the  cathode; 

The  voltage,  power,  ohmic  re¬ 
sistance,  and  "hath  constant" 
all  increase  when  the  "  side 
wall"  is  insulated,  slightly 
when  L  is  small,  and  fairly 
considerably  when  L  is  l^ge^ 
this  is  understandable,  since 
the  role  played  by  the  "  side 
wall"  increases  as  the  distance 
L  is  increased, 

"Derived  Cross  Section”  of  the  Electrolyte. 

In  the  design  and  technical  calculation  of  electrolyzers  the  derived  cross 
section  of  the  electrolyte,  S,  is  of  considerable  importance,  the  ohmic  resist¬ 
ance  of  the  electrolyzer  being  computed  from  it,  viz; 

1 

«  =x=S- 

Yet  it  is  possible  to  calculate  the  derived  cross  section  only  when  the  electrodes 
are,  for  the  most  part,  plane -parallel  to  .each  other  or  consist  of  a  combination  of 
plane-parallel  elements,  the  inter electrode  distance  1  being  constant  throughout 
the  electrolyzer  or  throughout  most  of  it  (and  even  then  the  calculation  is  only 
approximate) .  The  derived  cross  section  of  the  electrolyte  is  then  often  calcu¬ 
lated  as  the  geometrical  mean  of  the  electrode  areas; 

s  ^  ac°aA  • 

In  aluminum  baths,  in  particular,^  the  areas  of  the  heavily  loaded  parts  of  the 
electrodes,  i.e.,  their  horizontal  portions,  are  taken,  the  interelectrode  dis¬ 
tance  being  taken  as  1. 

Table  4  gives  the  total  cathode  and  anode  areas,  £abc  3def^  respectively, 
for  some  of  the  baths  we  tested,  together  with  the  ai*eas  of  their  "horizontal" 
parts,  q;bc  an<3.  ^ef^  respectively  (the  chamfering  at  the  corner  of  the  anode  being 
ignored  in  the  latter  quantity ) .  The  derived  cross  sections  of  the  electrolyte 
are  computed  as  the  geometrical  mean  of  the  total  areas  for  S’  and  of  the  "horiz¬ 
ontal"  areas  for  S".  These  values  are  compared  with  the  derived  cross  sections 
S0  computed  from  the  fields,  plotted  on  the  models,  with  only  the  ohmic  power  (and 
not  the  polarization  power)  allowed  for. 


Fig.  10.  Bath  field  with  a  nonconducting 
wall  ^  at  £  =  18,  H  =  20,  and  L  =  I6  cm, 
with  curves  of  current  density. 
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lEABUB  4 


Bath 

No. 

Principal  parameters 
(in  cm) 

[  Electrode 

area  (in  cm^) 

1  Derived  cross 

section,  cm^ 

1 _ _ ^ _ 

Total 

"horizontal  part" 

Q 

H 

L 

Cathode 

^abc 

anode 

Sdef 

Cathode 

ano'de 

Sef 

S' 

S" 

Se 

1 

2 

.  2 

28 

25.6 

14 

12 

25.7 

13.0 

21.1 

3 

8 

14 

2 

34 

23.6 

20 

12 

28.3 

15.5 

14. 7 

5 

18 

,l4 

2 

44 

23.6 

30 

12 

32.2 

19»0 

14.6 

6 

24 

l4 

2 

50 

23.6 

36 

12 

34.4 

20.8 

15.7 

7 

50 

14 

2 

56 

23.6 

42 

12 

36.3 

22.5 

14.5 

8 

18 

5 

2 

33 

12.6 

30 

12 

20.4 

19 

13.2 

9 

18 

9 

2 

59 

18.6  i 

30 

12 

27.0 

19 

14.5 

10 

.18 

20 

2 

50 

29.6  ! 

30 

12 

38.5 

19 

15.7 

11 

.18 

30 

2 

60  . 

39.6 

50 

12 

48.7 

19 

16.0 

12 

■'18 

20 

50 

27.6 

30 

12 

37.6 ' 

19 

19.2 

13- 

18 

20 

8 

50  1 

23.6 

30 

12 

34.4 

19 

23.0 

15 

18 

20 

16  1 

50  1 

15.6 

30 

12 

27.9 

19 

25.9 

16 

18 

20 

19 

50 

12.6 

30 

12 

25.1 

19 

23.1 

The  table  indicates  that  the  derived  cross  section  S' ,  which  covers  the  total 
area  of  the  electrodes,  approaches  the  experimental  value  S©  only  when  ^  is  equal 
or  close  to  the  value  of  L  (Baths  Nos.  1,  I5,  and  16),  and  even  then  only  very 
approximately.  As  for  S”  ,  it  approaches  Se  only  in  two  cases  (Baths  Nos.  3  and 
12,  when  gsL  s  4).  In  all  the  other  cases,  when  ^  is  touch  larger  than  L,  the 
part  played  by  the  "vertical"  as  well  as  by  the  peripheral  "horizontal"  parts  of 
the  cathode  is  so  small  that  even  the  value  of  S",  not  to  mention  S' ,  is  much 
larger  than  S^.  Not  only  does  the  absolute  magnitude  of  the  calculated  derived, 
cross  section  s’*  not  agree  with  the  experimental  value  S^,  but  it  does  not  re¬ 
flect  the  actual  trends  in  the  changes  of  this  latter  quantity.  Thus,  S"  rises 
with  an  increase  in  ^  above  8  cm,  while  Se  remains  practically  constant 5  as  H 
increases,  S"  remains  constant,  while  Se  increases,  though  slowly. 

t 

When  the  ratios  of  the  principal  parameters  H,  and  L  are  close  to  those 
obtaining  in  the  real  aluminum  bath,  as  is  the  case  in  the  Baths  Nos.  5,  6,  9> 

and  10,  the  derived  cross  section  Se  is  only  slightly  larger  than  the  area  of  the 
"horizontal"  portion  of  the  anode,  and  is  represented  approximately  by  the  fol¬ 
lowing  formulas 

§e  =  Sef  +  '1*5  L. 

The  insulation  of  the  "side  wall"  has  practically  no  effect  upon  the  value  of  Sg, 
(provided  £  is  not  too  small  and  L  is  not  too  large),  as  is  seen  in  Tables  1,  2, 
and  3* 

In  our  models  the  quantity  M  =  qef  =  12  cm  was  chosen  arbitrarily.  If  it  ie 
made  larger,, 'thus  shifting  the  wall" cf  (Fig.  l),  the  only  change  will  be  an  in- 
creeise  in  the  zone  of  the  homogeneous  field.  If  the  same  current  density 
is  t^en  maintained  at  the  added  portions  of  the  electrodes  as  exists  in  the  zone 
of  the  homogeneous  field,  no  change  will  occur  in  the  nature  of  the  field,  nor 
in  ttie  power  in  the  rest  of  the  bath;  hence,  the  difference  (Se  -  ^ef)  will  still 
be  l‘,5  L.  Furthermore,  since  the  model  represents  a  cross  section  of  half  of  the 
bath  (th^  line  cf  serving  as  the  axis),  the  difference  between  and  the  anode 
^ea  constitutes  for  the  whole  bath.  Finally,  passing,  from  the  plane  model 


(the  cross  section)  to  the  three  dimensional  bath,  denoting  the  length  of  the 
anode  by  A  and  its  width  by  B,  and  neglecting  the  complications  at  the  corner  of 
the  anode,  we  may  write: 

Se  =  (A  +  3L)(B  +  5L), 

independent  of  the  cathode  dimensions.  This  expression  may  be  recommended  as  a 
computational  formula  for  the  design  of  aluminum  baths. 

The  quantity  Se  makes  no  allowance  for  polarization.  And  yet  polarization 
power,  like  the  ohmic  power,  is  consumed  in  the  generation  of  heat.  It  would 
therefore  be  well  to  allow  for  the  value  of  Sq,  which  was  less  than  half  of  Se 
in  our  models,  when  calculating  the  heat  generated  in  the  bath.  In  an  aluminum 
bath,  however,  polarization  is  quite  different  (probably  less)  than  when  copper 
electrodes  are  used  in  a  solution  of  copper  sulfate.  This  means  that  the  SesSo 
ratio  will  be  different  as  well. 

It  should  be  stressed,  moreover,  that  Se,  like  Sq,  is  determined  by  the  value 
of  polarization  as  well  as  by  the  geometrical  parameter  of  the  electrolyzer;  hence, 
the  very  concept  of  the  "derived  cross  section"  has  merely  a  conventional,  rela¬ 
tive  meaning. 

SUMMARY 

1.  The  method  of  mapping  the  electric  field  in  solutions  with  complicated 
electrode  configurations  has  been  employed  to  ascertain  the  effect 'of  the  geo¬ 
metrical  parameters  of  an  electrolyzer  upon  the  distribution  of  electric  energy 
within  it.  A  plane  model  of  an  aluminum  bath  with  copper  electrodes  and  an  aque¬ 
ous  solution  were  used  in  the  investigation. 

2.  A  study  has  been  made  of  the  effect  of  the  distance  from  the  anode  to  the 
side  wall,  of  the  depth  of  the  electrolyte,  and  of  the  interelectrode  distance 
upon  baths  using  operational  and  insulating  side  walls. 

5.  It  has  been  shown  that  the  method  of  determining  the  derived  cross  section 
of  the  electrolyte  employed  in  engineering  computations  is  i^satisfactory,  and 
an  approximate  formula  is  proposed  for  computing  this  quantity.  The  very  notion 
of  a  "derived  cross  section"  is  nothing  but  a  convention. 
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AN  INVESTIGATION  OP  THE  CATHODIC  PROCESS  IN  SOLUTIONS  OP 


NITRIC  ACID  AND  IN  THE  HNOa-HaSO^-HjO  SYSTEM 


I.  Oknin 

Moscow  Institute  of  Chemical  Equipment 

Soviet  scientists  have  made  comprehensive  studies  of  the  cathode  process. 

The  research  of  the  A.N.Frumkin  school  is  outstanding  in  this  field  [i].  Kabanov 
has  measured  the  hydrogen  overvoltage  in  acid  media  at  high  current  densities 
(C.D),  ranging  up  to  100  amps  per  cm^  [2].  lofa  and  Frumkin  have  investigated 
the  hydrogen  overvoltage  in  concentrated  solutions  of  hydrochloric,  hydrobromic, 
perchloric,  and  sulfuric  acids  [3,4^5].  lofa  and  Stepeuiova  have  plotted  curves  of 
the  hydrogen  overvoltage  in  .  1  -  10  N  hydrochloric  acid  at  temperatures  ranging 

from  -10  to  +80°  [e].  Many  papers  have  been  published  on  the  cathode  process  in 
slightly  acid,  neutral,  and  alkaline  solutions  [v-ie].  The  Akimov  school  has  made 
extensive  investigations  of  the  electrode  processes  in  connection  with  their  study 
of  the  processes  involved  in  metal  corrosion  [17, laa, 19-22] .  Tomashov  has  dis¬ 
cussed  the  general  theory  of  the  cathode  process  in  oxidative  media  at  great 
length  [ isb ] . 

Solutions  of  nitric  acid  and  the  HNO3  —  H2SO4  -  H2O  system  are  acid,  oxidative 
reaction  media  with  a  wide  range  of  acidic  and  oxidative  properties.  The  HNO3  — 
H2SO4  -  H2O  system  differs  from  solutions  of  pure  nitric  acid  in  that  the  concen¬ 
tration  ratios  of  the  oxidant  and  the  hydrogen  ions  may  be  varied  at  will. 

The  curves  of  cathodic  polarization  in  oxidative  media  consist  of  three  sec¬ 
tions  s  a  high -potential  section,  where  oxidative  polarization  predominates)  a 
low-potential  section  where  hydrogen  polarization  predominates)  and  an  intermed¬ 
iate  section,  where'  there  is  a  sharp  change  of  potential,  and  oxidative  concentration 
predominates  [1®^,  23]/ 

Different  processes  are  adduced  as  the  primary  act  in  cathodic  polarization  of 
oxidative  media;  discharge  of  the  hydrogen  ions  [24] 5  direct  interaction  of  the 
oxidant  with  the  cathode ’ electrons  [isb])  and  the  formation  of  metallic  oxides 

[ 25 -27 ] . 

The  curves  of  cathodic  polarization  of  a  platinum  electrode  in  nitric  acid 
solutions  of  fairly  high  concentrations  have  a  form  that  is  typical  of  oxidative 
media.  Owing  to  the  catalytic  action  of  nitrous  acid,  the  section  representing 
oxidative  polarization  grows  longer  when  it  is  present.  At  concentrations  below  a 
certain  value  the  potential  of  the  platinum  cathode  drops  evenly  as  the  C.D.  rises 
all  along  the  polarization  ciirve  [24]. 

The  hypothetical  compound  H2N2O5  [28,29]  and  nitrogen  dioxide  NO2  are  consider¬ 
ed  to  be  oxidative  depolarizers  during,  the  cathode  process  [3®].  This  is  confirmed 
by  the  catalytic  action  of  nitrous  acid  during  the  cathode  process,  these  substances 
being  formed  during  its  reaction  with  nitric  acid. 
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In  the  present  research  we  proposed  to  obtain  experimental  data  on  the  cathode 
process  in  solutions  of  nitric  acid  and  in  the  HNO3-H2SO4-H2O  system,  to  compare 
these  results  with  certain  featxires  of  the  state  of  reaction  media,  and  -  with  this 
comparison  as  a  basis  -  to  arrive  at  probable  conclusions  regarding  the  mechanism 
of  the  cathode  process  involved. 

EXPERIMENTAL 

Research  method.  The  cathode  polarization  was  measured  at  a  temperature  of 
25.5+0.5®,  at  rest  and  with  vigorous  stirring  (65O  rpm) .  A  large  quantity  of  the 
reaction  medium  was  used  (5OO  cm^)  in  order  to  prevent  any  appreciable  change  in 
its  composition.  The  reaction  medium  was  placed  in  an  open  glass  beaker,  in  the 
center  of  which  there  was  placed  a  glass  stirrer.  The  electrodes  and  the  connec¬ 
ting  syphon  were  fastened  to  sleeves  attached  to  a  metallic  ring  above  the  beaker. 
A  smooth  platinum  wire  sealed  into  a  glass  tube  served  as  the  cathode.  1  cm  of 
the  wire, which  had  a  diameter  of  O.O5  cm,  projected  from  the  tube.  The  connecting 
syphon  was  always  full  of  a  2  N  solution  of  sulfuric  acid.  The  cathode  potential 
was  measured  by  the  compensation  method  against  a  saturated  calomel  electrode. 

The  measurements  were  made  while  an  electric  current  passed  through  the  electrode 
uninterruptedly,  the  C.D.  being  successively  raised  and  then  lowered.  Before 
measurements  were  begun,  the  cathode  w^s  polarized  at  high  C.D.  for  IO-I5  minutes. 
This  was  done  in  order  to  secure  an  electrode  surface  that  was  as  constant  as 
possible  throughout  all  the  tests,  as  well  as  to  drive  out  the  nitrous  and  other 
gases  in  the  reaction  mixture  by  means  of  hydrogen. 

The  limiting  cathode  C.D.  at  which  there  is  a  sharp  potential  drop  as  the 
current  is  being  gradually  increased  or  a  sharp  potential  rise  as  the  current  is 
being  gradually  diminished  was  found  from  the  recorded  curves  of  cathode  polariza¬ 
tion.  We  also  made  numerous  measurements^  of  the  limiting  cathode  C.D.  by  observ¬ 
ing  the  sharp  drop  and  rise  of  the  current. 

Experimental  data.  We  are  unable  to  reproduce  the  curves  of  cathode  polari¬ 
zation  here,  as  they  are  much  too  numerous.  They  all  have  a  shape  that  is  char¬ 
acteristic  of  oxidative  media,  like  the  curves  for  solutions  of  nitric  acid. 
Henceforth  we  shall  use  as  characteristic  of  the  cathode  process  the  limiting 
cathode  C.D.  and  cathode  potentials  at  the  smallest  measured  current  densities 
(l-24  milliamp/cm^) .  The  respective  data  are  listed  in  Table  1.  In  this  table 
and  henceforth  throughout,  I^i^  and  I^g^  denote  the  limiting  cathode  C.D.  at  which 
a  sharp  potential  drop  takes  place  as  the  current  is  gradually  increased:  Icb  is 
the  C.D.  before  the  potential  drop,  while  Ica  is  the  C.D.  after  the  potential 
drop.  I*cb  I’ca  denote  the  limiting  cathode  C.D.  at  which  the  potential 
rises  sharply  as  the  current  is  being  decreased:  I*  cb  “  before  the  rise, 

and  I'ca  “  the  C.D.  after  the  rise  in  potential. 

Table  2  gives  the  data  on  the  concentration  of  homopplsir  molecules  of  nitric 
acid,  Njjq  Qjj, and  the  specific  conductivity,  X  ,  as  given  in  the  literature,  as 
well  as  the  ratio  of  the  concentration  of  homopolar  molecules  of  nitric  acid  to 
the  conductivity,  NNO2OHA  •  Th®  method  of  finding  the  concentration  of  homo- 
polar  molecules  of  nitric  acid  in  ternary  mixtures  has  been  described  in  my 
preceding  research  [32].  The  conductivity  of  the  mixtures  has  been  computed  from 
the  conductivities  of  aqueous  solutions  of  the  individual  acids  at  I8®  [33].  The 
partial  conductivity  of  a  given  acid  has  been  calculated  from  a  tabulation  of 
conductivities  for  solutions  of  the  acid,  using  the  conductivity  corresponding  to 
a  molar  concentration  that  equals  the  total  acid  concentration  in  the  mixture, 
multiplied  by  a  factor  for  the  molarity  of  the  given  acid  as  a  percentage  of  the 
total  acid  molarity.  The  total  conductivity  of  the  mixture. was  taken  as  equaling 
the  sum  of  the  computed  partial  conductivities. 

In  Table  5^  the  values  of  the  limiting  cathode  C.D.  are  listed  together  with 
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he  notation  in  this  and  subsequent  tables  is  explained  in  ^e  text. 

We  cite  the  ma-TiMia  current  densities  available  from  a  group  of  storage  batteries.  No  potential  drop  was  observed  at 
these  current  densities. 


Table  1.  Data  on  the  Liolting  cathode  current  Densities  and  Cathode  Potentials 


1 


TABLE  2 

Data  on  the  concentration  of  Homopolar 
NO2OH  Molecules  and' Specif ic ' ConductlV' 


it: 


Mix¬ 

ture 

No. 

%020H, 

mols/ 

liter 

x-io^, 

n“i“cm‘^ 

%020H. 

X 

1 

9.6 

5500 

18.2 

2 

9.3 

3910 

24 

5 

7.55 

2786 

26 

4 

5.05 

1907 

26 

5 

2.5 

I4l8 

18 

7 

6.5 

6400 

10.2 

8 

6.55 

5200 

12.2 

9 

5.52 

3917 

14.1 

10 

5.84 

2850 

15.6 

11 

2.0 

i860 

10.7 

15 

5.6 

7450 

4.85 

14 

3.7 

6540 

5.7 

15 

3.85 

5510 

7.0 

16 

2.5 

4470 

5.6 

17 

1.35 

3480 

3.9 

19 

1.50 

7700 

1.70 

20 

1.50 

7490 

1.74 

21 

1.50 

7040 

1.85 

22 

1.00 

6560 

1.53 

25 

25-2S 

0.60 

0 

5980 

1.0 

Fig.  1.  Limiting  cathode  C.D.  (A) 

plotted  as  a  function  of  the  ratio  of 
the  concentration  of  homopolar  nitric 
aci(J  molecules  to  the  conductivity 
^020h/ ^  (B)  for  solutions  of  nitric 
acid  and  ternary  mixtures  at  rest. 

The  minerals  in  this  and  subsequent  diagrams  denote 
the  mixture  numbers.  8trai^t  lines  cure  used  to 
connect  the  individual  points  for  nitric  acid 
soluticms. 


the  concentration  of  homopolar  molecules  of  nitric  acid,  the  concentration  of 
hydrogen  (or  nitrate)  ions,  and  with  their  ratio  for  solutions  of  nitric  acid.  In 
this  table  the  overall  nitric  acid  concentration  is  denoted  hy  NguOa’  fig¬ 

ures  listed  in  Table  5  are  direct  experimental  values. 

The  limiting  cathode  C.D.  is  plotted  against  the  characteristics  of  state  of 
of  the  reaction  mixtures  in  Figs.  1-5  for  ternary  mixtures  and  in  Figs,  k—6  for 
nitric  acid  solutions. 


The  characteristic  features  of  the  cathode  process,  as  measured  at  a  plat¬ 
inum  electrode  in  mixtures  containing  a  fairly  high  concentration  of  nitric  acid, 
are  as  follows.  The  cathode  potentials  of  different  mixtures  do  not  differ  much 
at  the  smallest  C.D.  used  in  the  measurements.  Nor  do  these  potentials  differ 
much  from  the  equilibriiam  potentials  of  a  platinum  electrode  in  nitric  acid  solu¬ 
tions  (Table  l) . 

In  most  cases,  the  limiting  cathode  C.D.,  measured  with  increasing  current, 
were  much  higher  than  those  measured  with  a  falling  current  (Table  l) .  But  the 
larger  the  ratio  of  the  concentration  of  homopolar  nitric  acid  molecules  to  the 
conductance  I?N020h/^^  the  smaller  this  difference.  Thus,  there  is  almost  no  dif¬ 
ference  in  all  the  mixtures  of  the  first  series  (Mixtures  1-6),  in  which  5n020h/^ 
=  18-26  (Table  2).  The  difference  is  slight  in  Mixture  9,  in  which  the  NNO2OH/  ^ 
ratio  is  a  maximum  for  Series  2  (Mixtures  7-12)  and  equals  l4.1.  The  limiting 
cathode  C.D.  measured  in  mixtures  at  rest  is  higher  than  when  measured  when 
stirred.  But  here,  too,  the  larger  the  ratio  of  the  concentration  of  homopolar 
nitric  acid  molecules  to  the  conductance  -n020h/^;  "^he  smaller  this  difference. 
All  the  mixtures  of  Series  1,  Mixtures  8  and  9  of  Series  2,  and  Mixtures  I5  and 
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TABLE  5 

Comparison  of  the  Experimental  Data  on  the  Limiting  Cathode  C.D,  with  the  Concentra 
tion  of  Homopolar  NO2OH  Molecules,  the  Concentration  of  Hydrogen  Ions,  and  with  the 
Ratio  between  them  for  HNO3  Solutions 


When  stirred 


5HNO3 

mols/ 

liter 


NNO2OH 

mols/ 

liter 


Nh-, 

mols/ 

liter 


10000 

950 

.14A 

1.3 


16  of  Series  3^  with  the  maximum  values 
of  the  ^020h/ ^  ratio  for  their  respec¬ 
tive  series,  yield  values  of  the  limit¬ 
ing  cathode  C.D.  that  are  in  close 
proximity.  Mixtures  1,  8,  and  9  even  ex¬ 
hibiting  higher  values  for  the  stirred 
mixture  than  for  the  mixture  at  rest. 

No  limiting  cathode  C.D.  was  observed 
in  Mixtures  25-29.  Nor  did  Ellingham 
[24]  find  it  to  exist  in  a  3*09  N  nitric 
acid  solution  (Table  3)-  At  the  same 
time,  the  concentration  of  homopolar 
nitric  acid  molecules  is  nearly  zero  in 
these  mixtures  (Tables  2  and  3)* 

As  we  pass  from  the  first  series 
to  the  last,  we  observe  a  parallel 
change  of  the  limiting  cathode  C.D.  and 
the  concentration  of  hompolar  nitric  acid 
molecules  in  those  mixtures  in  which  the 
ratio  of  the  concentrations  of  sulfuric 
to  nitric  acids  _is  similar,  such  as  Mix¬ 
tures  3^  9f  15 >  and  21.  The  conductance 
of  such  mixtures  constantly  increases  as 
we  pass  from  the  first  series  to  the 
last. 

In  the  first  three  mixtures  of  two 
of  the  series,  Mixtures  "J ,  8,  9^  13 ^  1^^ 
and  15,  the  limiting  cathode  C.D.  rises 
sharply  as  we  move  from  the  first  series 
to  the  third,  though  the' concentration 
of  homopolar  nitric  acid  molecules 
changes  but  little.  This  sharp  rise  in 
the  limiting  cathode  C.D.  is  accompanied 
by  a  marked  decrease  in  conductance. 


Fig.  2.  Logarithm  of  the  limit ihg" 
cathode  C.D.  (A  and  A')  plotted  as 
a  function  of  the  ratio  between  the 
concentration  of  the  homopolar  nit¬ 
ric  acid  molecules  and  the  conduct¬ 
ivity  5no20h/^  (b). 

Log  I^(A)  ~  logarithm  of  the  limiting  cathode  C.D. 
as  the  current  is  raised; log  r.  (A' ) -  logarithm  of 

*™CO 

the  limiting  cathode  C.D.  as  the  current  is  decrr:asod. 

I  and  II  represent  stirred  media  (in  this  and  subsev 
diagrams;  m  represents  media  at  rest.) 


A  definite  parallelism  exists  be¬ 
tween  the  limiting  cathode  current 
density  and  the  ratio  of  the  concen¬ 
tration  of  homopolar  nitric  acid 
molecules  to  the  conductance,  hoth 
for  mixtures  in  the  separately  con¬ 
sidered  series  and  for  mixtures  in 
different  series,  whose  acid-concen¬ 
tration  ratios  are  similar  (Tables  1 
and  2) . 

In  the  nitric  acid  solutions  the 
hydrogen-ion  concentration  changes 
but  little,  in  comparison  to  the  con¬ 
centration  of  homopolar  nitric  acid 
molecules.  In  these  solutions,  the 
change  in  the  limiting  cathode  C.D. 
parallels  that  of  the  concentration 
of  homopolar  molecules  and  of  the 
latter’s  ratio  to  the  hydrogen-ion 
concentration  (Table  3)- 

The  quantitative  variation  of  the 
limiting  cathode  C.D.  with  the  ratio 
of  the  concentration  of  homopolsu* 
nitric  acid  molecules  to  the  conduc¬ 
tance  or  to  the  hydrogen-ion  concen¬ 
tration  is  rather  complex,  differing 
for  various  stirring  conditions  or 
changes  in  cathodic  polarization 
(Figs.  1-6). 


Fig.  3«  Logarithm  of  the  ultimate  cathode 
C.D.  (a  and  A')  plotted  as  a  function  of 
the  logarithm  of  the  ratio  of  the  concen¬ 
tration  of  nitric  acid  molecules  to  the 
conductivity  log  ^NOsOH/^  (b) . 

(A)  Logi^;  (A*)  log  r  . 


In  mixtures  at  rest,  this  function  does  not  depart  very  much  from  a  stral^t 
line  for  nitric  acid  solutions  or  for  a  ternary  mixture,  when  polarization  is 
occurring  with  increasing  current,  and  hence  the  liberated  hydrogen  is  not  being 
subjected  to  agitation  (Figs.  1  and  4).  gtdoA  -• 

With  vigorous  mechanical  stirring  or  . 

when  the  hydrogen  liberated  is  being  stir- 
red  —  when  polarization  is  occurring  with 
decreasing  current  -  the  following  is  ob- 
served  in  solutions  of  nitric  acid.  When 
polarization  occurs  with  a  rising  current, 
there  is  an  approximately  straight-line 

relation  between  the  logarithm  of  the  lim-  O  /  2 

iting  cathode  C.D.  and  the  logarithm  of 

the  ratio  of  the  concentration  of  homo-  Fig.  Limiting  cathode  C.D, 

polar  nitric  acid  molecules  to  the  hydro-  (A)  plotted  as  a  function  of  the 

gen-ion  concentration  (Figs.  3^  I  and  6,  ratio  of  the  concentration  of  homo- 

l).  When  polarization  taJses  place  with  polar  nitric  acid  molecules  to  the 

a  falling  current  -  whether  the  solution  concentration  of  hydrogen  ions 

be  stirred  or  at  rest  -  the  logarithm  of  5n020h/%°  solutions  of 

the  limiting  cathode  C.D.  is  a  straight-  nitric  acid  at  rest, 

line  function  of  the  ratio  of  the  concen¬ 
tration  of  homopolar  nitric  acid  molecules 

to  the  hydrogen-ion  concentration  as  well  as  to  the  conductance  (Figs.  2,  II,  III 
and  5,  II,  III).  The  same  sort  of  relationship  between  the  limiting  cathode  C.D. 
and  the  ratio  of  the  concentration  of  homopolar  nitric  acid  molecules  to  the 


Fig.  6,  Logarithm  of  the  limiting 
cathode  current  density  (A  and  A' ) 
plotted  as  a  function  of  the  loga¬ 
rithm  of  the  ratio  of  the  concen¬ 
tration  of  homopolar  nitric  acid 
molecules  to  the  concentration  of 
hydrogen  ions  log  j^NOgOH  (b)  for 


Fig.  5*  Logarithm  of  the  limiting 
cathode  C.D.  (A  and  A*)  plotted  as 
a  function  of  the  ratio  of  the  con¬ 
centration  of  homopolar  nitric  acid 
molecules  to  the  concentration  of 
hydrogen  ions  NNOaOH/Ng-  (b)  for 
solutions  of  nitric  acid.  (A)  Log 
ich  5  (■^*-  )  I  *  ch  5 

The  crosses  in  this  diagram 
and  in  Fig.  6  represent  the  measure 
ments  made  hy  Ellingham  [24]. 


nitric  acid  solutions. 

(A)  log  (A' )  log  I 


conductance  is  observed  for  ternary  mixtures  as  wellj  but  here 
the  experimental  points  are  widely  scattered  on  the  graph  CPigs.  2  and  5)«  This 
is  due 'to  the  great  complexity  of  such  systems  and  of  the  cathode  processes  taking 
place  within  them,  as  well  as  to  the  greater  unreliablity  of  the  data  on  the  con¬ 
centration  of  homopolar  molecules  of  nitric  acid  and  on  the  conductance. 

EVALUATION  OF  RESULTS 

Our  experimental  results  enable  us  to  draw  several  conclusions  regarding 
the  mechanism  of  the  cathode  process  in  nitric  acid  solutions  and  in  the  HNO3  - 
H2SO4  -  H2O  system. 

The  fact  that  the  limiting  cathode  C.D.  is  zero  when  there  are  no  homopolar 
nitric  acid  molecules  in  nitric  acid  solutions  or  in  the  HNO3  —  H2SO4  -  H2O  sys¬ 
tem,  the  proximity  of  the  values  of  the  cathode  potential  at  low  C.D.  values  and 
of  the  oxidative  potential  in  nitric  acid  solutions,  and  the  fact  that  the  changes 
in  the  limiting  cathode  C.D.  parallel  those  in  the  concentration  of  homopolar  nit¬ 
ric  acid  molecules  when  there  is  no  change  (or  a  change  only  in  one  direction)  in 
the  effect  of  the  hydrogen  ion  concentration  -  all  this  goes  to  show  that  the 
homopolar  molecules  of  nitric  acid  are  the  principal  oxidative  cathode  depolari¬ 
zers  in  these  reaction  media. 

Furthermore,  the  experimental  data  indicate  that,  together  with  the  homo- 
polar  nitric  acid  molecules,  the  hydrogen  ions  also  participate  in  the  cathode 
process,  both  at  high  as  well  as  at  low  cathode  potentials.  Both  of  these  de¬ 
polarizers  compete  for  the  cathode  electrons,  inasmuch  as  the  action  of  one  im¬ 
pairs  and  suppresses  the  action  of  the  other.  This  is  indicated  by  the  drop  in 
the  limiting  cathode  C.D.  that  occurs  when  the  hydrogen-ion  concentration  increases 
while  the  concentration  of  homopolar  nitric  acid  molecules  is  kept  constant,  as 


well  as  by  the  straight-line  relationship  between  the  limiting  cathode  C.D.  and 
the  ratio  of  the  concentration  of  homopolar  nitric  acid  molecules  to  the  hydrogen 
ion  concentration.  The  following  mechanism  of  the  cathode  process  is  found  to 
agree  with  the  experimental  data.  When  the  surface  of  the  electrode  is  at  a  high 
potential,  a  layer  of  sulfuric  and  nitric  acid  anions'  is  in  close  proximity  to  it.. 
When  this  is  so,  the  NOa*  ions  take  no  part  in  the  cathode  reaction.  Interaction 
with  the  electrons  of  the  cathode  surface  is  also  very  difficult  for  the  hydrogen 
ions.  That  is  why  it  is  chiefly  the  NO2OH  molecules  that  react  with  the  cathode 
electrons  directly  at  low  C.D.  values,  producing  HNO2  and  0"  or  OH’ ,  The  latter 
react  with  the  hydrogen  ions  that  flow  toward  them,  forming  water. 

As  the  C.D.  increases,  thus  causing  an  increase  in  the  rate  at  which  the 
homopolar  nitric  acid  molecules  are  used  up,  the  hydrogen  ions  begin  to  play  a 
larger  part  in  the  primary  cathode  process.  When  the  ratio  of  the  rate  of  depolar¬ 
ization  by  the  hydrogen  ions  to  the  rate  of  depolarization  by  the  homopolar  nitric 
acid  molecules  reaches  a  certain  value,  hydrogen  atoms  accumulate  at  the  cathode, 
and  the  potential  drops  from  a  value  that  approximates  the  cathode  potentials  in  the 
oxidation-reduction  system  NO2OH  —  HNO2  to  a  value  that  approximates  the  cathode 
potentials  in  the  H°  -  H(H2)  system.  As  we  proceed  from  higli  current  densities  to 
low  ones,  the  sharp  potential  rise  that  occurs  when  the  limiting  cathode  C.D.  is 
reached  may  be  regarded  as  the  result  of  reaching  a  definite  value  of  the  inverse 
ratio  of  the  depolarization  rates. 

It  is  natural  to  suppose  that  the  greater  the  ratio  of  the  homopolar  nitric - 
acid  molecule  concentration  to  the  hydrogen-ion  concentration,  and  the  higher  the 
cathode  potential,  the  greater  will  be  the  ratio  of  the  rate  of  oxidative  depolari¬ 
zation  to  the  rate  of  hydrogen  depolarization. 

It  follows  directly  from  this  suggested  mechanism  of  the  cathode  process 
that  there  is  a  straight-line  relationship  between'  the  limiting  cathode  C.D.  and 
the  ratio  of  the  concentration  of  nitric  acid  molecules  to  the  hydrogen-ion  con¬ 
centration.  Since  the  ratio  of  the  rate  of  oxidative  depolarization  to  the  rate 
of  hydrogen  depolarization  will  be  higher  at  high  potentials  than  at  low,  the 
limiting  cathode  C.D.  measured  as  the  current  rises  must  be  higher  than  that  meas¬ 
ured  as  the  current  falls.  The  decrease  in  the  limiting  cathode  C.D.  during  stir¬ 
ring  may  be  due  to  the  rate  of  hydrogen  depolarization  increasing  more  than  the 
rate  of  oxidative  depolarization.  Nitrous  acid  raises  the  cathode  potential  or 
maintains  it  at  a  rather  hlgb  level.  When  it  accumulates  at  the  electrode  in 
media  at  rest,  the  limiting  cathode  C.D.  in  such  media  must  be  higher  than  in 
media  that  are  stirred.  But,  as  the  nitrous  acid  is  accumulated  at  the  cathode 
only  up  to  a  certain  limiting  concentration,  it  is  unable  to  effect  any  major 
change  in  the  rat*io  of  oxidative  depolarization  to  the  rate  of  hydrogen  depolar¬ 
ization.  This  corresponds  to  the  slight  effect  upon  the  limiting  cathode  C.D.  of 
stirring  conditions  or  of  the  direction  of  polarization  in  media  in  which  the 
ratio  of  the  concentration  of  homopolar  nitric  acid  molecules  to  the  hydrogen-ion 
concentration  is  large.  In  media  at  rest,  it  is  more  likely  that  the  rates  of 
depolarization  processes  are  determined*  by  the  rates  of  diffusion  of  the  depolari¬ 
zers  and  their  concentrations  which  are  proportional  to  these  rates.  It  follows, 
therefore,  that  under  these  conditions,  the  limiting  cathode  C.D.,  which  is 
governed  by  the  ratio  of  the  rate  of  depolarization  by  homopolar  nitric  acid  mole¬ 
cules  to  the  rate  of  depolarization  by  hydrogen  ions  according  to  this  supposition, 
ought  to  be  proportional  to  the  ratio  of  the  concentrations  of  these  depolarizers. 
At  intensive  stirring  the  rates  of  the  depolarization  processes  are  not  controlled 
by  the  rates  of  diffusion  of  the  depolarizers,  and  the  relationship  between  the 
limiting  cathode  C.D.  and  the  ratio  of  the  concentrations  of  the  depolarizers  in 
question  must  be  more  complex.  Both  of  these  conclusion  are  likewise  in  conformity 
with  our  experimental  data. 
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The  catalytic  action  of  nitrous  acid  upon  the  process  of  oxidative  cathode 
depolarization  may  he  explained  as  due  to  its  giving  rise  to  molecules  and  nitrate 
ions  of  homopolar  molecules  of  nitric  acid.  The  high  concentration  of  nitrate  ions 
at  the  surface  of  the  cathode  favors  this^  this  is  so  "when  the  potential  of  the 
cathode  is  high,  and  vhen  the  absolute  and  relative  concentrations  of  these  anions 
in  the  solution  are  high,  plys  the  permanently  high  surface  concentration  of  the 
nitrous  acid  primarily  formed.  Moreover,  conditions  must  he  such  as  to  make  it 
possible  for  homopolar  molecules  of  nitric  acid  to  he  formed.  Under  these  condi¬ 
tions  the  catalytic  action  of  nitrous  acid  in  the  process  of  cathodic  depolariza¬ 
tion  of  a  platinum  electrode  is  exhibited  both  in  solutions  of  nitric  acid  and  when 
noble  metals,  such  as  copper,  are  dissolved  in  it  [24,30].  Our  investigation  has 
shown  that  the  limiting  cathode  C.D.  is  much  larger  at  rest  than  with  stirring 
(which  removes  the  nitrous  acid  from  the  cathode  surface)  in  mixtures  that  have  a 
relatively  hi^  percentage  of  nitric  acid  that  is  sufficiently  dissociated  plus  a 
comparatively  low  percentage  of  sulfuric  acid,  while  at  the  same  time  containing 
homopolar  nitric  acid  molecules. 

As  for  catalysis  in  nitric  acid  solutions,  the  notion  of  their  internal 
state  advanced  by  Halban  and  Eisenbrand  [34]  deserves  serious  consideration.  Their 
investigation  of  the  absorption  spectra  of  nitric  acid  in  various  solvents  led  them 
to  conclude  that  aqueous  solutions  of  nitric  acid  up  to  10  N  concentration  contain 
a  negligible  number  Of  homopolar  NO2OH  molecules  (up  to  2.4°10“^  mol/liter).  Ac¬ 
cording  to  these  authors,  in  this  concentration  range,  the  hydrogen  and  nitrate 
ions  do  not  associate  into  homopolar  molecules,  but  rather  into  associated  ion- 
pairs,  such  as  HaO'NOa’  .  The  concept  of  the  association  of  the  hydrated  ions  H' 
and  NO3  into  ion-pairs  instead  of  their  forming  homopolar  NO2OH  molecules  is 
supported  by  the  hi^  degree  of  hydration  of  nitric  acid.  According  to  Kuzmin, 
in  6.16  N,  9o79  N,  and  l4.50  N  nitric  acid  solutions,  1  mol  of  acid  combinea  with 
,  3.0,  2.5,  and  1.^  mol  of  water,  respectively  [35]. 

If  this  is  the  state  of  nitric  acid  solutions,  their  weak  depolarizing  ac¬ 
tivity  at  high  cathode  potentials  becomes  understandable.  It  is,  moreover,  nat¬ 
ural  that  it  is  not  the  homopolar  molecules  that  are  catalytically  activated, 
but,  rather,  the  nitrate  ions,  whether  free,  or  associated  with  hydrated  hydrogen 
ions,  or  both.  The  mechanism  of  the  catalytic  action  of  nitrous  acid  may  be 
represented  as  the  result  of  this  action  of  its  molecules  upon  nitrate  ions,  re¬ 
inforcing  their  negative  field  and  resulting  in  the  detaching  of  protons  from 
the  HaO*  ions,  existing  in  associated  ion-pairs  or  free,  supplied  to  the  cathode 
by  electrolysis.  As  we  have  stated  in  our  brief  survey  of  the  literature,  sev¬ 
eral  foreign  authors,  including  Joss,  Evans,  and  others,  consider , secondary 
products  —  the  hypothetical  compound  H2N2O5  and  NO2,  which  are  not  direct  compon¬ 
ents  of  the  reaction  medium  -  to  be  the  oxidative  cathode  depolarizers  in  nitric 
acid  solutions.  According  to  Evans,  the  NO2  depolarizer  is  formed  as  the  result 
of  the  reaction  of  nitrous  acid  with  the  molecules  of  nitric  acid.  As  these 
authors  see  it,  therefore,  the  homopolar  molecules  of  nitric  acid  cannot  be  ac¬ 
tive  cathode  depolarizers.  In  our  opinion,  this  last  assertion  is  contrary  to 
the  facts  and  is  due  to  their  making  an  insufficient  allowance  for  the  real 
state  of  affairs  in  nitric  acid  solutinns  when  cathodic  action  is  going  on.  It 
is  not  the  molecules  of  nitric  acid,  but  rather  the  nitrate  ions  that  are  catal¬ 
ytically  activated,  as  is  Indicated  by  a  comparison  of  the  extent  of  the  cataly¬ 
tic  action  of  nitrous  acid  with  the  state  of  the  reaction  medliim  that  reacts  with 
the  cathode. 

SUMMARY 

1.  Experimental  data  have  been  secured  on  the  cathodic  polarization  of  a 
platinum  electrode  in  solutions  of  nitric  acid  and  in  the  nitric  acid  —  sulfuric 
acid  —  water  system.  The  experimental  data  on  the  cathodic  process  are  compared 
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with  the  characteristics  of  the  state  of  the  reaction  mixture.  Theoretical  conclu¬ 
sions  are  deduced  regarding  some  of  the  problems  related  to  the  mechanism  of  the 
cathode  process. 

2.  The  limiting  cathode  C.D.  becomes  a  measurable  quantity  only  after  homo- 
polar  molecules  of  nitric  acid  appear  in  the  reaction  media. 

5.  The  limiting  cathode  C.D.,  measured  under  various  experimental  conditions^ 
is  a  linear  function  of  the  concentration  of  homopolar  nitric  acid  molecules  and  an 
inverse  linear  function  of  the  hydrogen-ion  concentration  and  of  the  conductance  of 
the  medium. 

4.  The  limiting  cathode  C.D.s  measured  in  mixtures  at  rest  are  hi^er  than 
those  measured  in  agitated  mixtures 5  likewise,  those  measured  with  rising  ciirrent 
values  are  larger  than  those  measiired  while  the  current  is  being  reduced.  These 
differences  diminish  or  vanish,  however,  when  the  ratio  of  the  concentration  of 
homopolar  nitric  acid  molecules  to  the  hydrogen-ion  concentration,  or  to  the  conduc¬ 
tance  grows  larger. 

5.  The  homopolar ••  molecules  of  nitric  acid  are  an  oxidative  cathode  depolar¬ 
izer  in  solutions  of  nitric  acid  and  in  the  nitric  acid  -  sulfuric  acid  -  water  sys¬ 
tem. 

6.  The  hydrogen  ions  participate  alongside  the  homopolar  nitric  acid  mole¬ 
cules  in  the  primary  process  of  cathodic  depolarization,  at  high  potentials  as  well 
as  at  low, 

'7*  It  is  probable  that  the  limiting  cathode  C.D.  in  these  systems  is  govern¬ 
ed  by  the  ratio  between  the  rates  of  cathodic  depolarization  by  the  homopolar  nitric 
acid  molecules  and  the  hydrogen  ions. 

8.  The  catalytic  action  of  nitrous  acid  in  the  high -potential  cathode  process 
may  be  interpreted  as  resulting  from  the  formation  of  homopolar  molecules  of  nitric 
acid  at  the  cathode  surface  when  molecules  of  nitrous  acid  act  upon  free  nitrate 
ions  or  upon  nitrate  ions  associated  with  hydrated  hydrogei ions . 
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A  PHOTOCOLORIMETRIC  METHOD  OP  DETERMINING  SMALL  QUANTITIES  OP  MILK  SUGAR* 


M  N.  Tulchinsky 

Chair  of  General  and  Analytical  Chemistry, 
Leningrad  Institute  of  the  Refrigeration  and  Dairy  Industry 


In  our  preceding  report  [i]  we  suggested  the  use  of  the  hexavalent  chromiiom 
ion  in  an  alkaline  medium  as  a  reagent  for  reducing  saccharine  substances  and  dem¬ 
onstrated  the  straight-line  relationship  between  the  amount  of  hexavalent  chromium 
reduced  and  the  concentration  of  lactose.  When  solutions  of  reducing  sugars  are 
heated  with  salts  of  hexavalent  chromium  in  an  alkaline  medium,  the  color  changes 
to  green,  Cr6+  being  changed  to  Cr®"^.  A  study  of  this  color  indicated  that  its 
intensity  increases  with  a  growing  concentration  of  the  reducing  sugar  substance. 

The  green  color  of  the  reaction  mixture  may  be  measured  with  a  photocolorimeter,  by 
recording  the  galvanometer  readings  of  the  changes  in  the  voltage  of  the  photo¬ 
electric  current  in  the  circuit.  The  relationship  between  the  galvanometer  readings 
and  the  green  coloring  of  the  reaction  mixture  makes  it  possible  to  compute  the 
amount  of  sugar  present. 

With  these  relationships  as  a  basis  we  have  endeavored  in  the  present  paper 
to  elaborate  a  photocolorimetric  method  for  determining  small  quantities  of  milk 
sugar . 

EXPERIMENTAL 

Effect  of  the  alkali  concentration  in  the  reaction  medium  and  the  length  of 
time  the  reaction  mixture  is  heated  upon  the  intensity  of  the  green  coloring.  In 
developing  a  photocolorimetric  method  of  measuring  small  quantities  of  milk  sugar 
we  had  to  determine  the  effect  of  the  concentration  of  alkali  in  the  reaction  mix¬ 
ture  upon  the  production  of  the  most  intense  and  stable  colors  in  the  solution. 

We  used  a  solution  of  sodium  carbonate  to  make  the  reaction  mixture  alkaline,  since 
a  caustic  alkali  produces  a  brown  tint  that  masks  the  green. 

The  investigation  of  the  effect  of  the  soda  concentration  upon  the  solution 
color  was  conducted  as  follows;  6  ml  of  a  0.25  N  solution  of  K2Cr04,  ^  val  of  a. 
solution  containing  6  mg  of  lactose,  and  various  volumes  (from  0.5  to  3*0  nil)  of 
a  2N  solution  of  NagCOa  were  placed  in  a  test  tube  of  uniform  diameter  and  wall 
thickness,  with  a  capacity  of  I5-I6  ml.  The  volume  of  the  reaction  mixture  was 
kept  at  12  ml,  so  that  as  the  amoimt  of  soda  solution  varied  up  to  5  ml,  a  corres¬ 
ponding  .volume  of  distilled  water  was  added  to  make  up  the  difference.  The  reac¬ 
tion  mixture  was  heated  over  a  boiling  water' bath  for  I5  minutes. 

The  intensity  of  the  green  color  of  the  solutions  was  measured  with  a  photo¬ 
colorimeter,  [2].  The  method  of  measurement  is  described  below. 

The  effect  of  varying  the  concentration  of  soda  upon  the  intensity  and  stab¬ 
ility  of  the  green  is  shown  in  Fig.  1. 

-The  curve  plotted  in  Fig.  1  shows  that  the  extent  of  the  reduction  of 
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hexavalent  chromium  and,  hence,  the  intensity  of  the  solution's  green  color  increa¬ 
ses  with  a  rising  percentage  of  Na2C03,  reaching  a  maximum  at^a  salt  concentration 
of  0.42  N  in  the  reaction  mixture  (2.5  ml  of  a  2  N  NaaCOa  sol^ion  in  12  ml). 


Any  further  increase  in  the  soda  concentration 
causes  no  change  in  color,  so  that  we  used  5  ml- of  a  2N 
NaaCOa  solution  in  12  ml  of.  the  reaction  mixture',  the 
Na2C0a  concentration  being  O.5O  N. 


the  soda  concentration.  Quantity  of  lac 
toses  6  mg.’ 


A"GalvanoDieter  readings,"  in  scale  divisions;  B-ml  of 
2N  NasCOs  solution  per  12  ml  of  reaction  mixture; 
Bi-amount  of  soda  in  the  reaction  mixture,  expressed 
in  normalities. 


Fig.  2.  Green  intensity  as 
a  function  of  the  time  the 
reaction  mixture'  is  heated 
for  different  concentra¬ 
tions  of  lactose. 

A-Galvanometer  readings,  in  scale 
divisions;  B-heating  time,  min. 


5 


Quantity  of  lactose;  I-6mg;  II-12mg,, 


We  then  examined  the  effect  of  the  length  of  time  the  reaction  mixture  was 
heated  upon  the  intensity  of  the  green.  We  ran  these  tests  with  two  different 
amounts  of  lactoses  6  mg  and  12  mg,  in  12  ml  of  reaction  mixture,  containing  5  ml 
of  a  2  N  Na2C0a  solution.  6  ml  of  a  0. 25  N  solution  of  potassium  chromate  was 
added.  The  reaction  mixture  was  heated  over  a  boiling  water  bath  for  periods 
ranging  from  5  "to  30  minutes.  Our  results  are  shown  in  the  curves  reproduced  in 
Fig.  2.  The  shape  of  these  curves  indicates  that  the  reduction  of  hexavalent 
chromium  by  lactose  of  the  specified  concentrations  is  practically  complete  with¬ 
in  15  minutes. 

Effect  of  the  lactose  concentration  upon  the  intensity  of  the  green  color 
of  the  reaction  mixture  as  determined  by  a  photocolorimeter.  Establishing  the 
conditions  (soda  concentration  and  heating  time)  required  for  producing  the  most 
intense  and  stable  color  in  the  reaction  mixture  enabled  us  to  turn  to  an  examin¬ 
ation  of  the  nature  of  the  relationship  between  the  concentration  of  lactose  and 
the  intensity  of  the  reaction  mixture's  color,  as  determined  by  a  photocolorimeter. 

These  tests  were  run  as  follows:  6  ml  of  a  O.25  N  K2Cr04  solution,  3  ml  of 
a  2  N  Na2C0a  solution,  and  3  ml  of  the  lactose  solution  being  tested  were  placed 
in  a  15-16  ml  test  tube  (with  uniform  diameter  and  wall  thickness).  The  reaction 
mixtiire  was  heated  over  a  boiling  water  bath  for  I5  minutes,  after  which  the  photo- 
colorimetric  measurements  were  made. 

Our  results  for  pure  lactose  prepaorations  (Table  1  and  Fig.  3)  bear  out  the 
results  obtained  in  our  preceding  report  [1],  namely:  that  the  solution  color 
changes  with  the  lactose  concentration.  The  difference  between  various  concentra¬ 
tions  may  be  recorded  by  means  of  the  galvanometer  readings.  Analysis  of  the  curve 
shown  in  Fig.  3  indicates  that  the  solution  color  obeys  Beer's  law. 
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TABLE  1 


Relationship  "between  Intensity  of  Solution  Color 
and  Lactose  Concentration 


Fig.  5"  Solution  color  in¬ 
tensity  as  a  function  of  - 

a.-u  1  'til®  lactose  concentration 

basic  requirements  that  must  he  met  by  unknown 

solutions  if  the  amount  of  a  substance  they  con¬ 
tain  is  to  be  determined  colorimetrically  is  that 
they  be  colorless  until  they  are  reacted  with  the 
reagent  that  produces  the  coloring  [3],  That  is 
why  we  employed  solutions  of  AI2 (804)3,  NaOH,  and 
NaF  as  coagulators  to  eliminate  the  proteins  when  making  determinations  of  the 
milk  sugar  in  milk  and  other  objects  that  contained  proteins. 

Colorless  filtrates  of  the  objects  to  be  analyzed  that  contained  milk  sugar 
were  secured  as  follows;  1  ml  of  milk,  measured  with  sn  accuracy  of  0.01  ml,  or  a 
corresponding  quantity  of  another  test  substance  with  the  same  lactose  content, 
was  transferred  to  a  dry  25-ml  Erlenmeyer  flask,  and  11  ml  of  distilled  water,  1 
ml  of  a  10^  AI2 (804)3  solution,  1  ml  of  a  0.^5  N  NaOH  solution,  and  1  ml  of  a 
saturated  solution  of  NaF  were  added.  The  reaction  medium  must  not  be  alkaline, 
and  the  volume  of  the  mixture  must  total  15  ml. 

The  milk  sugar  concentration  must  not  exceed  The  contents  of  the 

flask  were  shaken  together  and  then  allowed  to  stand  for  I5  minutes.  The  mixture 
was  then  filtered  twice  throu^  the  same  filter. 

The  solution  thus  prepared  was  completely  transparent  and  colorless,  like 
distilled  water. 

2)  Preparation  of  colored  solutions.  The  following  method  was  adopted 
for  preparing  colored  solutions,  based  upon  the  reaction  described  above. 

6  ml  of  a  0.25  N  K2Cr04*  solution  (I.6185  g  of  I^Cr04  in  100  ml  of  solu¬ 
tion),  5  ml  of  a  2  N  Na2C03 **  solution,  and  3  ml  of  the  filtrate  of  the  solu¬ 
tion  under  test  are  placed  in  each  of  a  set  of  15-I6  ml  test  tubes  of  uniform  in¬ 
side  diameter  and  wall  thickness.  The  amount  of  lactose  in  12  ml  of  reaction 
mixture  must  not  exceed  12  mg.  The  contents  of  the  test  tubes  are  mixed  well, 
after  which  the  tubes  are  immersed  in  a  boiling  water  bath  and  heated  in  the  boil¬ 
ing  bath  for  I5  minutes,  the  level  of  the  water  in  the  bath  being  above  the  level 


Method  of  Determination,  l)  Extracting  milk 


A-Galvanooeter  readings,  scale  dlT- 
Isions;  B-mg  of  lactose. 


"ihe  K2Cr04' should  be  preiiared  fron  recrystallized  M. 

**ln  i>reparing  the  2N  soda  solution,  one  must  knoa  the  amount  of  water  in  the  Na^COs  *  H^O  crystal  hydrate, 
whidi  is  conveniently  done  by  desiccating  a  weighed  amount  of  the  soda  crystal  hydrate  to  constant  weight 
at  180°. 


Mg  of  lactose  in  12  ml 
of  reaction  mixture 

1  '  ■  r 

Galvanometer  reading, 
scale  divisions. 

1  Division  =  105" lO"®  V 

0 

0 

1 

7.5 

2 

14 

4 

30 

6 

46 

9 

69 

12 

90 
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of  the  reaction  mixture  in  the  test  tubes.  When  the  I5  minutes  are  up,  the  test 
tubes  are  lifted  from  the  water  bath,  closed  with  stoppers,  cooled  with  water  to 
room  temperature,  and  wiped  dry  on  the  outside. 

The  solutions  thus  prepared,  the  green  colorings  of  which  differ  in  intenr 
sity,  depending  upon  the  percentage  of  milk  sugar,  are  ready  for  photocolorimetric 
determinations . 

3)  Photocolorimetric  measurement  of  colored  solutions  and  determination 
of  their  milk  sugar  content.  The  color  of  solutions  of  varying  intensity,  pre¬ 
packed  by  the  method  described  above,  can  be  measured  with  various  types  of  photo¬ 
colorimeters.  The  volume  of  the  reaction  mixture  will,  of  course,  depend  upon 
the  capacity  of  the,  photocolorimeter  cell,  containing  the  following  solution  pro¬ 
portions:  2  volumes  of  a  O.25  N  K2Cr04  solution,  1  volume  of  a  2  N  NagCOa  solution, 
and  1  volume  of  the  solution  imder  test. 

In  the  present  paper  we  shall  describe  the  procedure  employed  with  a  test- 
tube  photocolorimeter  using  selenium  photoelectric  cells,  designed  by  B.V.Ozimov, 
[2],  based  upon  a  differential  circuit  (Fig.  k) •  (See  Plate  I,  page247  ). 

Constant  voltage  in  the  circuit,  to  produce  uniform  incandescence  of  the 
light-source  lamp  L  is  maintained  by  the  current  stabilizer  S  (to  lower  the  volt¬ 
age,  the  transformer  T  is  connected  into  the  circuit). 

Before  measurements  are  begun  the  galvanometer  is  set  to  zero  by  means  of 
control  solutions.  This  is  done  by  placing  6  ml  of  a  0. 25  N  K2Cr04  solution,  5 
ml  of  a  2  N  Na2C03  solution,  and  3  nil  of  distilled  water  in  each  of  two  identical 
test  tubes.*  The  contents  of  the'  test  tubes  are  stirred  well,  the  test  tubes 
are  placed  in  the  instrument's  sockets,  the  switch  Sw  is  turned  on,  lighting  up 
the  lamp  L,  and  the  light  flux  is  regulated  by  the  diaphragm  D  until  the  galvan¬ 
ometer  needle  stands  at  zero,  after  which  the  switch  is  turned  off.  Then  the 
test  solution  is  poured  into  an  exactly  similar,  dry  test  tube,  and  the  latter 
is  placed  in  one  of  the  sockets,  replacing  the  control  test  tubej  the  photocolor¬ 
imeter  lamp  is  turned  on,  and  the  galvanometer  deflection  is  read  off.  The  same 
determination  is  made  with  a  solution  whose,  color  is  due  to  a  known  concentration 
of  lactose  (the  standard  solution)  under  the  same  conditions. 

Lactose  preparations  contain  water  of  crystallization.  The  percentage  of 
sugar  in  these  preparations  must  therefore  be  deteimined  (say,  by  the  Bertrand 
method) ,  and  the  resultant  data  used  in  preparing  a  solution  of  the  wanted  concen¬ 
tration. 


In  preparing  a  standard  solution  enough  lactose  must  be  used  so  that  the 
color  produced  will  cause  almost  full-scale  deflection  of  the  galvanometer  needle. 

The  amount  of  milk  sugar  in  the  unknown  solution  is  determined  by  calcula¬ 
tion,  starting  with  the  deflections  of  the  galvanometer  needle  corresponding  to 
the  known  lactose  concentration  in  the  standard  solution  and  to  the  concen¬ 

tration  in  the  solution  under  test.  For  example,  if  12  mg  of  lactose  produces  a 
deflection  of  90  scale  divisions,  the  amount  of  lactose  in  a  solution  whose  color 
produces  a  deflection  of  46  scale  divisions  can  be  calculated  from  this  proportion; 

46  . 

—  =  6.13  mg  of  lactose. 


X  = 


12 


90 


The  periodic  preparation  of  a  standard  colored  solution  of  lactose 
*The  selection  of  these  test  tubes  is  described  in  a  paper  by  B.V.OBimov  [2] . 
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The  color  of  the  standard  solution  produced  by  lactose  was  measured  during  the  course  of  a  month;  it  was 
found  to  be  unchanged,  liie  solution  was  kept  in  stopped  test  tubes  expcmed  to  li^t. 


"be  replaced  "by  using  a  standard  based  on  mineral  salts.  The  color  of  such  salt  sol 
utlons  is  very  stable.  Flerov  and  Ozimov  [s^e]  have  employed  mineral  salts  exten¬ 
sively  to  imitate  colored  solutions,  with  a  view  to  securing  stable  colors. 

In  our  research  we  made  use  of  a  solution  of  NiS04  containing  a  0.2  K  solu¬ 
tion  of  HCl.  The  color  of  such  a  solution  must  produce  a  deflection  of  the  gal¬ 
vanometer  needle  that  equals  the  deflection  produced  by  the  standard  lactose  solu¬ 
tion. 

When  using  an  artificial  standard  prepared  from  mineral  salts,  it  is  first 
necessary  to  establish  the  null* point  of  the  galvanometer  against  the  control  sol¬ 
ution  (6  ml  of  a  0.25  N  K2Cr04  solution,  5  nil  of  a  2  N  Na2C03  solution,  and  5  ml 
of  distilled  water),  as  specified  above}  then  the  deflections  of  the  galvanometer 
needle  produced  by  the  stsuidard  and  unknown  solutions  must  be  found,  and  the 
lactose  content  found  from  their  ratio  as  indicated  above. 

We  employed  a  round  LGU  galvanometer  with  a  100-dlvision  scale,  each  div¬ 
ision  corresponding  to  105*10”®  volt. 

In  our  measurements,  a  deflection  of  the  galvenometer  needle  by  one  scale 
division  corresponded  to  the  color  of  a,  solution  produced  by  about  0.1  mg  of 
lactose  in  12  ml  of  the  reaction  mixture. 

When  measuring  unknown  solutions  with  higher  lactose  concentrations  and, 
hence,  more  intense  green,  it  is  well  to  employ  control  solutions  corresponding 
to  the  known  concentrations  of  lactose  to  establish  the  galvanometer  null  point 
(it  is  convenient  to  use  NiS04  or  NiCl2  standards).  Then  the  galvanometer  read¬ 
ings  for  the  standsird  and  the  unknown  solutions  are  read  off,  and  the  computa¬ 
tion  made  as  above. 

Determining  milk  sugar  by  the  photocolor Imetrlc  and  the  Bertrand  method. 
We  then  made  a  comparison  of  the  photocolorimetric  method  for  determining  small 
quantities  of  lactose  with  the  Bertrand  method  of  determining  them.  Our  results 
are  listed  in  Table  2.  The  flgxires  in  the  table  indicate  that  the  discrepancies 


TABLE  2 

Comparative  Determination  of  Milk  Sugar  by  the  Photocolorimetric  and  Bertrand 

Methods 


Object  under  analysis 

Photocolorimetric  method 

Bertrand  method 

Quantity 
of  subs, 
used  for 
one  deter¬ 
mination,  g 

it 

lac¬ 

tose 

Discrepancy 

between 

parallel 

determina¬ 

tions 

Quantity 
of  subs, 
used  for 
one  deter¬ 
mination,  g 

iL 

tose 

Discrep¬ 
ancy  be¬ 
tween 
parallel 
detrons. 

Cow*  s  milk . . 

0.2 

3.89 

3.91 

0.02 

2.5 

3.98 

4.02 

0.04 

Cow*  s  milk . . . 

0.2 

^.10 

5.05 

0.05 

2.5 

5.08 

545 

0.07 

Milk  sugar  (crude) . , . 

0.008 

94.7 

95.1 

0.4 

0.08 

94.0 

94.5 

1  0.5 

between  parallel  determination  when  our  method  is  used  ere  no  larger,  but  are  even 
somewhat  smaller,  than  with  the  Bertrand  method.  When  minute  quantities  of  crude 
milk  sugar  are  analyzed,  the  discrepancies  between  the  parallel  determinations 
increased  in  both  methods.  The  percentage  of  lactose  in  various  objects  was  the 
same  \dien  measured  by  both  methods,  but  in  one  determination  by  the  photocolori- 
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metric  method  the  quanti-by  of  analyzed  substance  was  one-tenth  of  the  quantity 
used  in  the  Bertrand  method.  .  ,  . 

An  advantage  of  the  photocolorimetric  method  over  the  Bertrand  method  is 
the  feasibility  of  determining  small  amounts  of  sugar 5  in  addition,  it  is  more  .. 
convenient,  simpler,  and  requires  less  time  for  each  determination,  thus  saving 
labor  time,  which  is  especially  valuable  when  several  analyses  are  Involved.  The 
fact  that  it  is  possible  to  measure  extremely  minute  quantities  of  sugar  by  the 
photocolorimetric  method  ou^t  to  make  it  appeal  to  biologists,  breeders,  phys¬ 
icians,  and  workers  in  'the  food  industry. 

The  method  may  also  be  employed  to  determine  other  reducing  sugars,  such 
ass  glucose,  maltose,  fructose,  as  well  as  sacch^ose  after  its  Inversion. 

SUMMARY 

1.  A  photocolorimetric  method  of  determining  small  quantities  of  milk 
sugar  has  been  elaborated,  based  on  a  reaction  suggested  by  the  author,  using 
the  reduction  of  sugars  by  hexavalent  chromium  in  an  alkaline  medium. 

2.  In  our  measiirements,  the  colors  produced  in  this  reaction  obey  Beer's 

law. 

5.  The  photocolorimetric  method  makes  it  possible  to  determine  tenths  of 
a  milligram  of  sugar. 

4.  The  photocolorimetric  method  possesses  the  following  advantages  over 
Bertrand's  methods  the  feasibility  of  determining  small  quantities  of  sugar,  the 
simplicity  and  convenience  of  measurement,  and  the  shorter  time  required  for  each 
determination. 

5.  The  reduction  of  hexavalent  chromium  in  an  alkaline  medium  may  be 
utilized  for  the  photocolorimetric  determination  of  other  sugars  as  well. 
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THE  SOLUBILITY  OP  SODIUM  NITRITE  AND  NITRATE  IN  WATER 

WHEN  SODA  IS  PRESENT 
I. .  N.  Kuzminykh  and  E.  L.  Yakhontova 

Mendeleev  Institute  of  Chemical  Technology,  Moscow,  Awarded  the  order  of  Lenin 

Solutions  prepared  by  having  nitrogen  oxides  absorbed  by  soda,  which  are 
used  for  the  recovery  of  crystalline  sodium  nitrite,  contain  NaN02,  NaNOa  and 
NaaCOa  simultaneously.  The  solubility  of  each  of  these  salts  in  water  is  common 
knowledge.  The  literature  likewise  contains  detailed  data  [i]  on  the  mutual 
solubility  of  NaN02  and  NaNOa  in  water.  As  for  data  on  the  way  in  which  soda  af¬ 
fects  the  solubility  of  the  nitrite  and  nitrate  in  water,  there  is  either  no 
mention  of  them  in  the  literature  (for  the  NalI02  NaUOa  -  Na2C03  —  H2O  system) 
or  the  data  are  incomplete  (for  the  NaN02  “  Na2C0a  -  H2O  system).  The  inadequacy 
of  the  data  hampers  the  rational  organization  of  the  technological  process. 

In  order  to  fill  this  gap,  we*  have  measured  the  solubility  of  NaN02  and 
NaN02  +  NaNOa  in  the  presence  of  various  quantities  of  Na2C03,  These  measure¬ 
ments  were  made  in  the  IO-5O®  temperature  range, which  corresponds  to  the  terminal 
crystallization  temperature^.  The  experiments  were  made  by  means  of  the  poly° 
thermal  method  (suggested  by  V.F, Alekseev  [2]  in  187T)*  la  this  method  the 
saturation  temperatiire  is  read  off  visuallys  when  the  initial  crystal  appears  as 
the  solution  is  cooled, i.  and  vThen  the  last  crystal  disappears  as  the  solution  is 
heated.  The  mean  of  the  two  readings  is  taken.  This  method  gives  good  results  at 
temperatures  up  to  50-55“  aad  has  been  repeatedly  used  to  determine  solubilities, 

EXPERIMENTAL 

NaN02  ~  Na2C0a  ~  H2O  System.  The  literature  contains  data  for  two  solub¬ 
ility  isotherms  in  this  system;  50“  (Atroschenko  [3,4])  and  for  25.1°  (J.  Bureau 
[5]),  Unfortunately,  the  composition  of  the  equilibrium  phases  was  not  determined 
in  Atroschenko’ s  experiments,  and,  hence,  his  data  give  no  idea  of  what  crystals 
separate  out  when  any  given  solution  is  cooled  to  50° .  This  makes  the  Atroschenko 
diagram  unusable  for  solving  problems  involving  the  crystallization  of  the  nitrite 
from  solutions  containing  Na2C0fe.  Bureau's  isotherm  for  25.1°  indicates  that  sod¬ 
ium  nitrite  is  a  solid  equilibrium  phase  only  for  solutions  that  contain  no  more 
than  6.5^  Na2C035  beyond  that  there  is  the  isothermal  invariant  point,  where  there 
are  two  solid  phases  -  the  nitrite  emd  the  soda  hydrate  (Na2C03‘’H20,  according  to 
Bureau) .  The  fact  that  Bureau' s  figures  on  the  solubility  of  the  nitrite  in  water 
(45.25^  NaN02)  disagree  appreciably  with  the  values  generally  given  in  the  refer¬ 
ence  works  (^5«9^  NaN02)  is  worthy  of  note. 

The  laboratory  tedinlcian  A.  G.  Kuznetsova  and  the  students  V.  Goryacheva,  N.  Bubnova.  V.  Snimova  and 
V.  Cherkashina  assisted  in  the  experimental  work. 
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All  these  impelled  us  to. remeasure  the  solubility  of  NalI02  in  water  when 
Na2C03  is  present  and  to  plot  the  isotherms  for  the  temperatures  lying  between  10 
and  30® ,  which  are  required  for  computing  the  crystallization  of  the  nitrite . 

Pure  preparations  of  NaN02  and  Na2C03  were  prepared  for  these  experiments.  At 
first,  by  way  of  training,  we  determined  the  solubility  of  NaJS02  in  water  at  var¬ 
ious  temperatures 5  our  results  were  in  good  agreement  with  the  handbook  data. 

Solutions  of  NaN02  +  NalJ03,  the  bottom  phase  of  which  is  NaN02^  are  of  in¬ 
terest  in  preparing  the  crystalline  nitrite.  We  therefore  prepared  solutions  that 
were  saturated  with  NaN02;  but  were  not  saturated  with  soda  (from  small  Na2C03 
concentrations  to  the  eutonic  point)  for  use  in  our  measurements. 


Our  procedure  was  as  follows?  10  ml  of  a  soda  solution  of  known  concentra' 
tion  ,  *  ’ '  was  placed  in  a  test  tube  fitted  with  a  stirrer;  then  enough  NaN02 

was  added  to  produce  a  saturation  temperature  of  about  +8” .  Then  small  quantit¬ 
ies  of  NaN02  were  successively  added  to  the  test  tube,  and  each  time  the  satur¬ 
ation  point  of  the  resulting  solutions  was  read  off  visually.  When  the  equilib¬ 
rium  temperature  reached  55“  ^  bhe  experiment  was  stopped;  measurements  at  higher 
temperatures  are  inaccurate  (owing  to  the  evaporation  of  the  water  in  the  test 
tube).  V  J&p 


7# 

Fig.  2.  Solubility  of  sodium 
nitrite  in  water  with  soda 
present . 

Temperatures,  9c:  1-10;  2-20;  3-30. 


tMMp  “C 

Fig.  1-.  Solubility  polytherms  of  sodium  nitrite 
in  water  when  soda  is  present. 

NasCOs  coDcentratioD  in  the  original  solution,  containing' 
no  soda:  I-3.O;  2-5.54;  3-8.63;  4-10.46;  5-12.59;  6-15/14; 


The  test  results  are  shown  in  Fig.  1  in  the  shape  of  6  polythermal  curves. 
These  data  were  used  to  plot  the  solubility  isotherms  of  NalI02  “  Na2C03  --  H2O  for 
*10,  20,  and  30“  (Fig.  2),  There  is  a  bend  in  the  isotherms  at  6-7^  of  Na2C03  in 
the  solution,  indicating  the  appearance  of  a  new  bottom  phase  —  soda  hydrate  - 
at  that  point.  Pure  nitrite  crystallizes  out  of  solutions  to  the  left  of  these 
isothermal  invariant  points.  The  solubility  curves  in  Fig.  2  indicate  that  when 
soda  was  dissolved  in  saturated  NaN02  solutions,  it  exercised  a  salting-out 
effect  on  the  nitrite. 

NELNO2  -  NaNOr^  --  NagCO.r^  -  HgO  System.  When  nitrogen  oxides  are  absorbed 
by  a  soda  solution,  we  usually  get  a  mixture  of  the  nitrite  and  the  nitrate.  If 
we  are  to  deal  with  crystallization  problems,  we  must  have  figures  on  the  effect 
of  the  soda  upon  the  mutual  solubility  of  NaN02  and  NaN03  in  water.  Since  there 
were  no  such  figures  in  the  literature,  we  made  a  series  of  measurements,  using 
the  same  polythermal  method  of  exploring  equilibria  in  aqueous  solutions. 

*3.0,  5.54;  8.63,  10.46.  12.59,  15.14S&  NasCQg  . 
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The  results  of  our  measurements  are  shown  in  Figs.  5  and  4  as  a  series  of 
isotherms  for  I5  and  25® .  Each  isotherm  consists  of  two  branches,  which  meet  at 
the  isothermal  invariant  point) 
the  left-hand  branch  (the  Sir 

Nall02  side)  gives  the  composi¬ 
tion  of  solutions  from  which  - 

the  crystalline  nitrite  separ- . 
ates  out  upon  cooling)  the 
right-hand  branch  applies  to 
solutions  saturated  with  the 
nitrate.  The  isotherms  in 
both  figures  differ  in  the 
percentage,  of.  NasCOa  in  the  ^ 

solution.  ^ 


The  top  isotherm  in 
each  diagram  represents  the 
case  where  the  solutions  of 
NaHOg  and  NaNOa  contain  no 
soda.  In  plotting  these  iso¬ 
therms,  we  had  at  our  disposal) ' 
first,  the  handbook  data  [1] 
on  the  solubilities  in  the 
NaN02  ~  NaNOa  -  H2O  system  at 
0,  21,  and  52°,  from  which  we 
obtained  the  data  for  the 
temperatures  we  were  interested 
in  by  interpolation)  and  sec¬ 
ond,  the  data  we  had  obtained 
experimentally  by  measuring  the 
solubilities.  The  two  sets  of 
figures  were  in  good  agreement 
with  each  other. 

The  remaining  isotherms  (Figs.  5  and  i|-)  represent  different  percentages 
of  soda  in  the  solutions;,  1,  2,  3^  and  of  Na2C0a.  We  see  that  the  equilib¬ 
rium  concentrations  of  the  nitrite  (left-hand  branch)  and  the  nitrate  (right-hand 
branch)  diminish  as  the  percentage  of  soda  in  the  solution  rises. 

.  These  figures  were  obtained  by  preparing  49  solutions  containing  different 
proportions  of  NaN02  and  NaHOs.  The  saturation  temperatures  of  these  solutions 
was  determined,  after  which  small  quantities  of  Na2C03  were  added  to  them  and  the 
equilibrium  temperature  read  off  visually  in  each  case.  This  enabled  us  to  plot 
a  polythermal  curve,  e:}diiblting  the  effect  of  adding  Na2C03  upon  the  saturation 
temperature,  for  each  of  the  original  solutions.  We  thus  plotted  49  experimen¬ 
tal  polytherms,  which  resembled  those  shown  ’in  Fig.  1.  Of  this  total,  37  repre¬ 
sented  the  area  of  crystallization  of  NaN02,  the  others  representing  the  crystal¬ 
lization  area  of  the  nitrate. 


Fig.  3*  Mutual  solubility  of  sodium  nitrite 
and  nitrate  in  water  when  soda  is  present. 
Temperature:  +15®  C. 


%  in  solution:  1-0.  2-1:  3-2:  4-3:  5-4. 


As  we  know,  the  graphical  representation  of  the  equilibria  in  four-com¬ 
ponent  systems  is  very  difficult.  From  the  practical  standpoint,  we  are  merely 
interested,  however,  in  solutions  whose  bottom  phase  consists  of  the  nitrate  or 
the  nitrite  or  whose  bottom-phase  is  an  isothermal  invariant  mixture  (i.e., 
solutions  that  are  not  saturated  with  soda).  Therefore,  to  make  use  of  the 
graphs  easier,  we  expressed  the  influence  of  Na2C03  by  plotting  several  isotherms 
in  a  row,  the  isotherms  differing  'In  the  percent  of  Na2C03  in  the  solution  (1, 

2,  3,  and  4^).  We  did  this  by  making  use  of  our  experimental  polytherms  and 
determining  the  compositions  of  the  NaH02  +  NaN03  solutions  that  are  saturated 


Fig.  h.  Mutual  solubility  of  sodium  nitrite  and  nitrate 
in  water  -vdien  soda  is  present.  Temp.  =  230®. 

%  in  solution:  1-0;  2-1;  3-2;  4-3;  5-4. 

with  the  nitrite  or  the  nitrate  at  the  given  temperature  (15  or  25®)  and  at  each 
given  Na2C03  concentration.  A  series  of  auxiliary  curves  was  plotted  to  facili¬ 
tate  this  treatment  of  the  experimental  material  hy  making  it  possible  to  find 
the  desired  values  by  means  of  graphic  interpolation^  these  data  were  then  employ¬ 
ed  to  plot  the  isotherms  in  Figs.  3  and  4. 

SUMMARY 

The  solubility  of  NaJlf02  and  NaJ!J02  +  NaNOa  in  water  when  Na2CC)3  is  present 
has  been  investigated  by  the  polythermal  method.  Solubility  isotherms  of  the 
NaN02  ”  Na2C03  -  H2O  system  have  been  plotted  at  10-30®  for  the  concentration 
range  in  which  the  bottom  phase  consists  of  , the  nitrite.  Isotherms  have  been 
■plotted  for  the  temperature  reinge  15-25®,  representing  the  effect  of  the  Na2C03 
concentration  in  the  solution  (1-4^)  upon  the  mutual  solubility  of  NaN02  and 
NaNOa  in  water. 
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THE  SOLUBILITY  OP  NAPHTHALENE  IN  COAL-TAR  OILS 


M.  M  Potashnikov 


As  we  know,  the  extraction  of  naphthalene  from  coal  tar  products  is  based 
upon  crystallization,  distillation,  and  pressing  processes.  The  crystallized  oil, 
the  distillate,  and  the  pressing  product  secured  as  the  result  of  these  processes 
constitute  coal-tar  oils  that  are  saturated  with  naphthalene  at  these  process 
temperatures.  We  therefore  have  to  know  the  solubility  of  naphthalene  in  coal- 
tar  oils  at  various  temperatures  for  design  purposes  as  well  as  for  the  establish¬ 
ment  of  the  optimum  operating  conditions  in  industry. 

There  is  extremely  little  to  be,  found  in  the  literature  on  the  solubility 
of  naphthalene  in  coal-tar  oils.  The  reference  literature  [i]  cites  figures  sec¬ 
ured  by  German  researchers  in  1925>  which  cover  only  a  limited  temper ature . range , 

0  to  40®C,  on  the  one  hand,  and  are  not  of  much  use,  on  the  other,  since  they 
were  based  upon  the  coal-tar  oils  secured  from  German  plants,  which  differ,  as 
we  know,  from  our  domestic  coal-tar  oils. 

The  present  research  aimed  at  determining  the  solubility  of  naphthalene 
in  light-middle  and  heavy  (absorbing)  oils,  produced  from  the  coal  tar  of  domes¬ 
tic  by-product  coke  plants,  at  temperatures  ranging  from  0  to  T5*C. 


EXPERIMENTAL 


The  solubility  of  naphthalene  was  determined  in  the  instrument  depicted 
in  Fig,  1,  Pure  naphthalene  and  the  oil  under  test  were  placed  in  the  beaker  1, 
which  was  immersed  in  beaker  2,  filled  with  water,  the  ' 
latter  in  turn  being  immersed  in  a  water  bath  ^  that 
was  heated  electrically.  The  water  bath  was  heated 

gradually,  being  regulated  in  such 
a  fashion  that  the  change  in  temp¬ 
erature  of  the  contents  of  beaker 
1  and  of  the  water  in  beaker  2  was 
about  1°C  in  3  minutes,  as  measiired 
, by  the  thermometers  4. 


0 


Fig. 2.  F'iltering 
‘  Device  4 

l-Glass  cylinder;  2-bent 

edge  of  Qrlinder; 
3-filter;  4-thread; 
5-stopper;  6-pipet. 


The  oil -naphthalene  mixture 
was  vigorously  stirred  b^  the  stir¬ 
rer  new  batches  of  naphthalene 
or  oil  being  added  as  the  mixture 
was  heated  or  cooled,  so  that  nei¬ 
ther  of  the  phases  was  allowed  to 
disappear  —  the  solid  during  heat¬ 
ing  and  the  liquid  during  cooling. 

The  combination  of  gradual  change 

of  temperature  and  vigorous  stirring  of  the  oil  and  naphthal¬ 
ene  made  it  possible  to  attain  a  state  of  equilibrium  rather 
quickly. 


Fig.  1, Device  for  de¬ 
termining  the  solubil¬ 
ity  of  naphthalene. 

1-Beaker;  2-beaker  ccmtainlng 
water;  3. water  bath;  4-therBio- 
meters;  5-8tirrer. 
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The  rate  at  which  a  state  of  equilibrium  was  reached  was  determined  by- 
keeping  the  oil-naphthalene  mixture  at  a  given  temperature  and  taking  samples 
of  the  liquid  phase  at  short  intervals  of  time  (l-2  minutes),  the  per  cent  naph¬ 
thalene  in  these  samples  being  determined.  Equilibrium  was  reached  when  the  con^ 
centration  of  naphthalene  in  successive  samples  of  the  liquid  phase  ceased  to 
rise. 


It  was  found  that  the  oil  is  saturated  with  naphthalene  fairly  rapidly  •- 
within  5  to  8  minutes  -  at  various  temperatures  lying  within  the  0  -  T5‘*C  range. 
The  oil -naphthalene  mixture  was  kept  at  the  given  temperature  for  15  minutes  in 
all  of  these  tests  in  order  to  ensure  reliable  results. 

\ 

A  Mohr  pipet  was  used  in  taking  samples  of  the  liquid  phases  oil  saturated 
with  naphthalene. 

To  prevent  the  capture  of  finely  dispersed  particles  of  naphthalene,  pro-‘ 
duced  during  vigorous  stirring,  the  tip  of  the  pipet,  which  was  immersed  in  the 
liquid,  was  fitted  with  a  special  filtering  device,  depicted  in  Fig.  2.  This 
device  consisted  of  a  glass  cylinder  1,  the  lower  edge  2  of  which  was  bent  out- 
weird  and  covered  with  a  filter  5  made  of  dense  filter  paper,  secured  by  a  thread 
4  tied  over  the  bent  edge  of  the  cylinder.  The  cylinder  was  mounted  on  the  pipet 
Z  by  means  of  a  tight  stopper  ^  that  sealed  off  the  upper  opening  of  the  cylinder. 

When  the  oil  saturated  with  naphthalene  was  drawn  up  into  the  pipet,  it 
was  filtered  through  the  filter  paper,  keeping  out  the  minute  particles  of  naph¬ 
thalene  . 

After  the  sample  had  been  taken,  the  filter  device  was  removed  from  the 
pipet,  washed  with  benzene,  and  dried  for  use  in  subsequent  determinations,  while 
the  contents  of  the  pipet  were  warmed  up  and  transferred  to  a  tared  beaker 
for  determining  the  amount  of  naphthalene  in  the  oil. 


The  naphthalene  concentration  was  determined  by  the  usual  methods  from 
the  crystallization  temperature  of  a  mixture  consisting  of  a  weighed  amount  of 
the  unknown  oil  and  a  weighed  amount  of  pure  naphthalene  in  a  Zhukov  apparatus 
[2].  The  concentration  of  naphthalene  in  the  oil  under  test  was  determined  from 
the  crystallization  temperature. 

In  our  investigation  we  used  light-middle  and  heavy  (absorbing)  oils  de¬ 
rived  from  coal  tar  secured  from  one  of  the  tar-treating  installations  of  a  by¬ 
product  coke  plant.  The  phenols  were  removed  from  these  oils  by  washing  them 
with  20^  NaOH,  the  organic  bases  being  removed  by  washing  them  with  50^  H2SO40 

The  oils  used  in  this  investigation  had  the  following  properties  after 
the  phenols  and  the  bases  had  been  removed  and  the  oils  had  been  desiccated.  . 


Li^t-middle  Oil  Hea-vy  (absorbing)  Oil 


Specific  gravity  at  20 
Temp.,  ®C,  at  which 


Distillation 
temperature , 


|°C  . . 

1.027 

1.051 

lillng  begins  . 

195 

224 

10^, . . 

209 

255 

20  . . 

215 

256 

50  . . 

217 

238 

40  . . 

219 

24l 

50  ........... 

222 

245 

60  ....... _ 

226 

250 

70  ........... 

251 

259 

80  ........... 

259 

269 

90  . . 

251 

285 

95  . . 

267 

506 

204 


The  tests  were  run  at  temperatures  spaced  5°  apart  in  the  range. 

Stops  were  made  at  these  temperatures  at  which  equilibrium  of  the  oil  and  the 
naphthalene  was  reached,  samples  of  the  liquid  phase  being  tedcen,  as  the  mixture 
temperatiire  was  successively  raised  from  0  to  75**^  and  as  it  was  successively 
cooled  from  75  to  0®C.  Naphthalene  was  added  in  the  first  series  of  tests,  as 
the  temperature  was  raised,  while  oil  was  added  in  the  second'  series  of  tests 
as  the  mixture  cooled. 


The  data  on  the  solubility  of  naphthalene 
listed  in  the  table, 

TABLE 


secured  in  these  tests  Eu:e 


Temp. 

Solubility  of  naphthalene,  ^  by  weight, 

In  li^t  middle 
oil 

In  heavy  (absorbing) 
oil 

During 

heating 

During 

cooling 

During 

heating 

During  ■ 
cooling 

0 

9o99 

9o8i 

9.60 

9.80'' 

5 

12.50 

12.57 

11.12 

11.56 

10 

14.65 

15.25 

15.88 

14.12 

15 

16.87 

17.22 

17.16 

17.55 

20 

20.65 

20.20 

20.00 

19.66 

25 

22,68 

22,91 

22.85 

24.20 

50 

26.25 

27.02 

28.92 

29.54 

55 

29.74 

29.70 

51.9‘t 

52.02  . 

40 

55.55 

54,02 

56,02 

56.97 

45 

57.20 

57.75 

^*2.53 

42.48 

50 

42,56 

45.58 

k7.96 

48.80 

55 

48.80 

47.98 

54.81 

54.50 

6o 

60.27 

60, 40 

61,60 

60,82 

65 

71.19 

70.83 

69,50 

70.49 

70 

80.52 

79.44 

79.27 

79.66 

75 

90.02 

90.47 

91.66 

91.57 

^  if  0 
^k> 


y 


/ 


0  Iff 

Fig.  3-  Solubility  of  naphth¬ 
alene  in  li^t-middle  oil  as 
a  fu^tion  of  the  temperature, 

Tol 


*  So 

ho 

loh 

10 


/ 


0  to  K>X>$)Sl>  6010^90/06 

Fig.  4,  Solubility  of  naphth¬ 
alene  in  heavy  (absorbing) 

j  oil  as  a  function  of  the  tem¬ 

perature  0 

The  experimental  values  fit  the  curves 
plotted  in  Figs.  5  and  4.  Comparison  of  these 

data  indicates  that  the  solubility  of  naphthalene  in  light-middle  oil  is  pretty 
much  the  same  as  that  in  heavy  (absorbing)  oil  in  the  0-25®C  and  60-75“ C  tempera¬ 
ture  ranges. 

The  solubility  of  naphthalene  in  the  heavy  oil  is  higher  than  in  the  light- 
middle  oil  in  the  25-60®C  range. 

The  shape  of  these  curves  indicates  that  solutions  of  naphthalene  in  li^t- 
middle  and  heavy  oils  are  not  ideal  solutions.  The  solubility  rises  markedly 
above  55“C. 

SUMMARY 

1,  A  study  has  been  made  of  the  solubility  of  naphthalene  in  light-middle 
and  heavy  (absorbing)  oils  secured  from  coal  tar. 

2.  It  has  been  found  that  the  solubility  of  naphthalene  is  about  the  same 
in  both  oils  in  the  0-2^  and  60-75“C  temperature  ranges. 


3.  Solutions  of  naphthalene  in  light-middle  and  heavy  oils  are  not  ideal 
ones.  The  naphthalene  solubility  rises  particularly  rapidly  above  55**^. 
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THE  SATURATION  VAPOR  PRESSURES 
OP  3-PICOLINE,  y-PICOLINE,  AND  2. <6-LUTIDINE  / 


I*  Lc .  Liplavk  and  E.  P.  Boliter 

One  of  the  products  of  the  hy-product  coke  industry,  the  p-picoline  frac¬ 
tion,  contains  three  major  substances:  p-picoline,  y-picoline,  and  2,6-lutidine, 

The  recovery  of  these  products  from  the  P-picoline  fraction  is  an  extremely 
difficult  task,  owing  to  the  proximity  of  the  boiling  points  of  these  substances s 
p-picoline  b.p.  =  145.2® j  Y-picoline  b.p.  =  l45®5  and  2,6-lutidine  b.p.  =  l44.6®. 

Hence,  rectification  under  normal  conditions  cannot  be  employed  to  .separate 
the  p-picoline  fraction  into  more  hi^ly  enriched  fractions.  The  absence  of  any 
data  on  the  vapor  pressures  of  these  components  makes  it  impossible  to  fix  the 
conditions  under  which  rectification  of  this  product  might  be  improved. 

That  is  vhy  the  major  objective  of  the  reseetrch  reported  on  in  this  paper 
has  been  determination  of  the  saturation  vapor  pressures  of  p-picoline,  Y-pico- 
line,  and  2,6-lutidine  at  VEurious  temperatures.  It  is  apparent  that  this  research 
is  required  for  solving  the  practical  problems  facing  the  coke  by-product  indus¬ 
try.  Moreover,  the  results  obtained  are  of  scientific  interest  as  well,  since 
there  are  no  figures  on  the  saturation  vapor  pressures  of  these  compounds  in  the 
scientific,  technical,  or  reference  literature  at  the  present  time. 

EXPERIMENTAL 

Recovery  of  P-picoline,  y-picollne,  and  2,6-lutidine.  Pure  substances 
were  required  for  secxiring  reliable  data  on  their  saturation  vapor  pressures.  As 
we  know,  it  is  impossible  to  secure  them  synthetically,  inasmuch  as  the  presently 
available  syntheses  yield  mixtures  of  all  these  substances  at  once,  and  it  is  as 
difficult  to  separate  them  as  it  is  in  the  industrial  P-picoline  fraction. 

Making  use  of  the  fact  that  these  sub¬ 
stances  have  radically  different  temperatures 
of  crystallizations  -21.2®  for  P-picolinej 
+3»2®  for  Y -picolinej  and  -6.5®  for  2,6-luti- 
dine,  we  resorted  to  the  method  of  fractional 
crystallization.  We  first  ascertained  the 
general  nature  of  the  structural  diagram, 
composition  vs.  crystallization  temperature, 
for  the  mixture  being  tested.  Since  we  had 
no  pure  substances  available,  this  diagram 
was  plotted  indirectly,  without  definite  data 
on  concentrations,  from  the  fractionation  of 
the  P-picoline  fraction,  tapping  off  one-deg¬ 
ree  fractions.  But,  in  view  of  the  fact  that 
direct  fractionation  of  the  p-picoline  frac¬ 
tion  does  not  yield  enriched  intermediate  frac 
tions,  we  fractionated  the  hydrochlorides  of  t 
from  the  literature  [i]  that  the  boiling  point  of  p-picoline  hydrochloride  is  235“ ^ 
that  of  Y-picoline  hydrochloride  is  240®,  and  that  of  2,6-lutidine  hydrochloride 


Fig.  1.  Crystallization  temp-’ 
erature  of  one-degree  inter¬ 
mediate  fractions. 


P-picoline  fraction.  We  know 
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1b  245® .  These  differences  in  the  boiling  points  of  the  salts  enabled  us  to  ob¬ 
tain  intermediate  fractions  enriched  with  one  component  or %  another  in  a  rectify¬ 
ing  column  with  an  efficiency  of  16  theoretical  trays. 

The  intermediate  fractions  were  tapped  off  at  one-degree  intervals,  after 
which  the  fractions  were  decomposed  with  alkali  and  the  resulting  bases  carefully 
desiccated  and  distilled.  The  figures  on  the  crystallization  temperatxires  of  the 
intermediate  fractions  exhibit  a  well-defined  minimum  when  passing  from  intermed¬ 
iate  fractions  enriched  with  3-picoline  to  those  enriched  with  y-picoline  (Fig.  l). 

Thus,  separation  of  one  of  the  components  of  the  mixture  in  question  by 
means  of  fractional  crystallization  required  that  the  concentration  of  the  com¬ 
ponents  not  be  that  of  the  minimum.  The  authors  were  unable  to  compute  this  con¬ 
centration  or  to  determine  it  experiment ally s  all  they  could  do  was  to  adopt  the 
premise  that  fractions  as  hi^ly  enriched  as  possible  had  to  be  employed  for 
fractional  crystallization. 

The  fraction  enriched  with  2,6-lutidine  was  secured  from  the  p-picoline  ■ 
fraction  by  precipitating  the  latter  with  urea  and  repeatedly  recrystallizing 
the  resultant  coordination  compound  of  2,6-lutidineurea  [2].  The  resulting  2,6- 
lutidine  had  a  crystallization  temperature  of  -11® . 


An  enriched  fraction  of  Y-picoline  was  secured  from  the  same  P-picoline 
fraction  which  was  freed  of  its  2,6-lutidine  by  precipitating  the  y-piboline  with 
calcium  chloride.  This  method  [3]  makes  use  of  calcium  chloride’s  property  of 
foming  a  complex  salt  with  y-Picoline  alone.  After  the  2,6-lutidine  and  the 
Y-picoline  had  been  separated  from  the  p-picoline  fraction,  the  residue  contained 

a  base  enriched  with  P-picoline.  - 


Fractional  crystallization  was  carried  out  in 
a  device  (Fig.  2),  consisting  of  a  test  tube  with  a 
side  bulge,  the  spherical  surface  of  which  contained 
numerous  tiny  openings.  The  bottom  of  the  test  tube 
was  covered  with  a  glass  housing  to  ensure  uniform 
cooling.  The  lateral  bulge  was  also  covered  with  a 
housing  connected  to  a  vacuum  pump  in  order  to  re¬ 
move,  the  crystals  from  the  solution.  The  liquid  was 
poured  into  the  test  tube,  and  a  thermometer  was  in¬ 
serted  through  the  stopper.  The  liquid  was  stirred 
with  the  thermometer.  Temperature  discontinuties 
and  arrest  points  indicated  the  onset  of  crystalli¬ 
zation.  As  the  temperature  was  lowered  still  fur¬ 
ther,  the  device  was  taken  out  of  the  freezing  mix¬ 
ture,  and  the  crystals  were  brushed  toward  the  side 
bulge  by  means  of  a  tiny  glass  spatula.  The  vacuum 
pump  was -turned  on  at  the  same  time,  and  the  crys- 


Fig.  2.  Device  for  frac¬ 


tals  were  filtered  out. 


tionally  crystallizing 


Each  successive  operation  raised  the  crystal- 


the  unknown  mixture.  li'zation  temperature,  at  first  by  2-5®,  and  then  by 


1®  or  less.  The  crystallization  temperature  of  the 
fraction  enriched  with  2,6-lutidine  was  thus  raised 
to  -6.5®.  Further  crystallization  did  not  produce  emy  change  in  the  crystallization 
temp.,  the  freezing  point  of  the  filter  and  the  residue  remaining  the  same,  i.e., 
-6,5®.  The  constants  of  the  resulting  substance  are  given  in  Table  1, 


As  a  rule,  the  purity  of  substances  recovered  from  coal-tar  bases  is  meas¬ 
ured  by  the  melting  points  of  their  salts  —  picrates,  chloromercurates,  etc.  But 
theoretical  considerations,  as  well  as  the  accumulated  experience  of  analysis  of 
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the  bases  compelled  us  to  abandon  this  method  as  inadequate.  We  used,  instead, 
another  method,  involving  the  determination  of  all  the  physical  properties,  prin¬ 
cipally  the  crystallization  temperature  of  the  substance  itself,  and  in  plotting 
time  —  crystallization  temperature  curves  of  the  resulting  substances.  The  exis¬ 
tence  of  a  plateau  on  the  cooling  curve  (Figs,  4,  and  ,  together  with  the 
totality  of  physical  properties  listed  in  Table  1,  which  agree  with  the  data  cited 
in  the  literature,  indicated  that  the  prepared  substances  were  wholly  pure. 

TABLE  1 

Physical  Properties  of  2,6-Lutidine,  p-Picoline,  and  Y-Picoline 


Specific  gravity 
at  20* C 


Boiling  point 
corrected 'to 


Crystalliza¬ 
tion  tempera' 


Name 


2,6-Lutidine 


Fig. '  3  ••  Crystallization  cool¬ 
ing  curve  of  2,6-lutadlne.' ' 


Fig.  14- .  Crystallization 
cooling  curve  of  p-Plco 
line. 


Fig.  6,  Device  for 
determining  the  sat¬ 
uration.  vapor  pres¬ 
sure  of  3-  and  y-pic- 
olines  and  2,6-lutid- 
ine. 

A-Measuring  yessel;  B-side 
bran(di;  K-nercury  container. 


0  #  2  3  ^  5  <  7  1 110 

Fig.  5.  Crystallization 
cooling  curve  ofY-pico- 
line . 


Fig.  7«  Apparatus  layout  for 
vacuum  distillation. 


1-Punnel;  2-aof)oule;  3-branch  tube 
to  vacuuo  pump. 


lutidine.  '  The  vapor  pressures  were  determined  by  the  static  method  in  a  SoreU- 
NATI  apparatus  [s]^  largely  modified  by  the  present  authors.  These  modifications 
enabled  us  to  measure  the  vapor  pressure  with  an  accuracy  of  0,01  mm  mercury  ' 


column.  The  apparatus  layout  is  shown  in  Fig.  6. 

The  principal  element  of  the  apparatus,  is  the  measuring  vessel  A,  which  is 
provided  with  a  side  branch  tube  B.  The  top  terminates  in  a  neck  with  a  ground- 
glass  stopper.  The  bottom  of  the  vessel  is  connected  to  the  side  branch  via  a 
three-way  stopcock,  which,  in  turn,  is  connected  to  a  manometer,  a  buret,  and  an 
open  movable  container  for  mercury  K.  The  measuring  vessel  is  placed  in  a  closed 
bath  with  two  windows  on  opposite  sides.  The  temperature  of  the  bath  was  kept 
constant  by  boiling  a  suitable  liquid  in  it. 

The  whole  apparatus  was  filled  with  chemically  pure  mercury.  The  measuring 
vessel  was  filled  from  an  aiapoule,  thus  ensuring  a  complete  vacuum  in  the  measur¬ 
ing  vessel  and  eliminating  any  contact  with  the  air,  whicli  might  moisten  the  sub¬ 
stance  under  test.  In  practice,  the  measuring  vessel  was  filled  as  follows:  the 
substance  under  test  was  placed  in  a  small  flask,  from  which  it  was  distilled 
directly  into  the  ampoule  at  a  vacuum  of  2-5  mm  (Fig.  T)*  The  ampoule  was  a  flask 
with  a 'capacity  of  5-7  cm®,  with  an  elongated  neck  and  a  flat  bottom;  there  were 
several  projections  in  its  walls,  by  means  of  which  the  ampoule  was  held  in  the 
neck  of  the  measuring  vessel.  Figure  8  shows  the  position  of  the  ampoule  in  the 
measuring  vessel.  When  the  ampoule  was  half  full,  the  heating 
of  the  distilling  flask  was  stopped,  and  the  substance  was 
allowed  to  solidify  under  the  same  vacuum.  Then  the  vacuum 
was  disconnected,  the  ampoule  was  filled  to  the  top  with  merc¬ 
ury,  and  it  was  again  placed  under  vacuum.  This  was  done  to 
remove  any  air  adsorbed  to  the  mercury,  especially  at  the  merc¬ 
ury-test  liquid  boundary. 

After  all  the  air  had  been  removed,  the  vacuum  was  turn¬ 
ed  off,  and  the  ampoule  was  turned  upside  down.  The  mercury 
did  not  pour  out  of  the  ampoule,  but  formed  a  reliable  seal, 
owing  to  the  small  diameter  of  the  ampoule's  neck  (3  mm),  on 
the  one  hand,  and  the  high  surface  tension  of  mercury,  on  the 
other.  While  in  this  position,  i.e.,  neck  downward,  the  amp¬ 
oule  was  immersed  in  the  mercury  within  the  measuring  vessel. 
Then  the  ampoule  was  completely  buried  in  the  mercury  by  clos¬ 
ing  the  top  stopper,  the  ground-glass  surface  of  which  had 
been  coated  with  vacuum  grease;  closing  of  the  measuring  vessel 
forced  some  of  the  mercury  out.  Lowering  the  movable  container 
K  lowered  the  level  of  the  mercury  in  the  measuring  vessel,  and 
the  resulting  vacuum  caused  the  liquid  to  flow  out  of  the  amp¬ 
oule.  Then  the  measurements  were  made  as  in  the  Sorrell-  NATI 
apparatus.  The  level  in  tube  B  was  read  off  with  a  cathetome- 
ter;  the  reading  on  the  manometer  scale  was  likewise  made  with 
The  overall  precision  of  measurement  was  0.01  mm  Hg.  But  we  re¬ 
duced  the  precision  of  measurement  to  0.1  mm  mercury  column  because  the  bath 
temperature  was  determined  to  within  0.1°. 

Table  2  gives  the  saturation  vapor  pressures  of  p-picoline,  Y-picoline, 
and  2,6-lutidine  at  various  temperatures.  ■ 

The  curves  of  the  change  in  the  saturation  vapor  pressures  of  P-picoline, 
Y-picoline,  and  2,6-lutidine  are  depicted  in  Fig.  9* 

The  general  nature  of  the  variation  of  the  saturation  vapor  pressures  of 
the  substances  under  test  with  temperature  conforms  to  the  'Claus ius-Clapeyr on 
equation,  since  this  function  is  represented  by  straight  lines  when  plotted  on 
semilogarithmic  paper,  as  shown  in  Fig.  10. 

We  see  from  the  curves  in  Fig.  9  that  the  vapor  pressures  of  P-picoline 


Fig.  8.  Measur¬ 
ing  vessel  with 
ampoule  (A) . 


a  cathetometer . 
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TABLE  2 


Satiiration  Vapor  Pressures  of  p-Picollne,  Y' 
Plcoline,  and  2,6-Lutidine  in  mm  of  Mercury 
as  a  Function  of  the  Temperature. 


2 ,6-Lutidlne 

Y-Picoline 

P -Picoline 

Temp , , 

Vapor 

Temp . , 

Vapor 

Temp* , 

Vapor 

°c 

pressure 

°C 

pressure 

°C 

pressur< 

17.0 

11.6 

15.8 

14.8 

15.5 

15.0 

56.6 

56.0 

64.7 

80.1 

64;6 

77.0 

64.6 

85.5 

78.2 

109-5 

72.2 

107.2 

78.9 

147.7 

108.4 

227.8 

106.6 

256.4 

108.9 

4l6.6 

135.3 

590.8 

135-5 

622.6 

and  Y -picoline  are  in  close  proximity  throughout 
the  temperature  range  investigated.  Their  vapor, 
pressures  differ  widely,  however,  from  that  of  ' 
2,6-lutidlne,  especially  in  the  7O-I5O®  range. 

It  is  in  this  same  temperature  range  that  the 
vapor  pressures  of  p-picoline  and y  -picoline 
diverge  most. 

Hence,  our  data  indicate  that  the  most  eff¬ 
icient  way  of  separating  the  p -picoline  fraction 
is  to  fractionate  it  at  reduced  pressures  of  the 
order  of  200-300  mm.  These  conditions  are  most 
effective  for  the  recovery  of  2,6-lutidine,  since 
the  difference  between  its  boiling  point  and  those 
of  the  picolines  is  then  20° . 

SUMMARY  / 

1.  Data  on  the  saturation  vapor  pressures  of 
P -picoline,;  Y -picoline,  and  2,6-lutidine,  which 
have  not  been  available  in  the  scientific,  technical, 
or  reference  literature  up  to  the  present,  have  been 
secured  for  the  first  time. 

2.  The  feasibility  of  separating  the  p -pic¬ 
oline  fraction  industrially  by  low-pressure  rectifica¬ 
tion  has  been  demonstrated. 
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as  a  function  of  temp¬ 
erature  .  ' 

1-2, &  Lutldlne;  2-P- picoline; 
3- Y“ picoline. 


Fig.  10.  Vapor  pressures 
of  p -picoline  and  -pic¬ 
oline  as  a  function  of 
temperature . 

1“P“ picoline;  2-Y~Piooline. 
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THE' EFFECT  OF  THE  CONCENTRATION  OF  ACIDS 

I 

UPON  THEIR  ATTACKING  CARBON  STEELS 


S.  A  Balezin  and  T.  I.  Krasovitskaya 


We  know  that  the  rate  with  which  steel  dissolves  in  sulfuric  acid  rises 
with  increasing  concentration  of  the  acid  up  to  a  certain  value,  after  which  it 
drops  off  sharply.  The  maximum  corrosion  effect  occurs  with  11-14  N  acid.  All 
the  tested  steels  become  passive  in  an  acid  of  higher  than  I7  N  normality.  The 
"dissolution  rate  vs.  nitric -acid  concentration*  curve  exhibits  a  maximum  like 
the  curve  for  sulfuric  acid.  The  rate  of  corrosion  of  carbon  steels  in  hydro¬ 
chloric  acid  rises  continuously  thou^  not  evenly  with  a  rise  in  the  latter's  con¬ 
centration  —  slowly  at  low  concentrations  (0.5-4  N)  and  rapidly  later  on  (4-7  N) . 

But  the  only  research  that  has  been  done  on  the  practically  important  prob¬ 
lem  of  the  quantitative  relationship  between  acid  concentrations  and  acid  attack 
has  been  confined  to  sulfuric  acid,  and  the  figures  cited  by  Ram  [1]  and  Novikov 
[2]  -  the  only  researchers  in  the  field  -  do  not  agree. 

Ram  found  that  the  relationship  he  had  determined  between  the  rate  of  dis¬ 
solution  and  the  concentration  of  sulfuric  acid  could  be  represented  by  the 
formula;  Z'  ■n\ 


“  ^  V  iT  A 


where  p  is  the  rate  at  which  the  steel  dissolves 5  a  is  the  activity  of  the  acid, 
computed  for  each  acid  concentration  separately  by  means  of  the  activity  coeffi¬ 
cient,  in  accordance  with  the  Lewis  and  Rendall  theory  [3]*  is  the  relative 
viscosity  of  the  acid  solutions 5  and  K  and  n  are  constants. 

Novikov  [2],  making  a *study  of  more  dilute  acid  solutions,  found  that 
Ram's  equation  did  not  apply  to  H2SO4  solutions  with  a  concentration  below  5  N, 
and  proved  that  it  was  theoretically  unfounded,  demonstrating  that  the  viscosity 
of  acid  solutions  does  not  affect  their  ability  to  attack  a  metal.  Novikov's  own 
experimental  data  led  him  to  propose  a  different  equation,  relating  the  rate  at 
which  steel  is  dissolved  (p)  to  the  activity  of  the  sulfuric  acid  (a); 

p  =  Ka^/3  , 

which  holds  good  over  a  wide  concentration  range. 

It  has  been  the  aim  of  the  present  research  to  check  the  Novikov  formula 
derived  by  him  for  sulfuric  acid,  and  to  endeavor  to  establish  quantitative  re-  , 
lationships  between  the  activity  and  the  attack  of  other  acids. 

experimental 

In  the  present  paper  8  grades  of  steel,  of  different  carbon  content;  have 
been  tested.  The  data  of  their  analyses  are  listed  in  Table  1. 

The  steels  were  exposed  to  the  action  of  chemically  pure  sulfuric,  hydro¬ 
chloric,  and  acetic  acids.  The  gravimetric  method  of  analysis  was  used.  The  re¬ 
sults  are  given  in  Table  2  and  in  Figs,  1,  2,  and  3* 
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Fig.  2.  Rate  at  which  steels  dis¬ 
solve  as  a  function  of  the  HCl 
concentration. 

A~Rate  of  corrosion,  graws/ni^ /hr;  B-nomallty 
of  the  acid. 

%  carbcm  in  the  steel;  1-0.9;  2-0.78;  3-0.6; 
4-0.45;  5-0.32;  6-0.19;  7-0.1;  8-0. 06. 


Fig.  1.  Rate  at  which  steels  dis¬ 
solve  as  a  function  of  the  H2SO4  ' 
concentration. 

A-Rate  of  corrosion,  graaa/tf/hr;  B  noniality 
of  the  acid. 

%  carbon  in  the  JtAQ;'  2-0.78;  3-0.6; 

4-0.45;  5-0.06?  8  0.1;:  8-0.32. 


0  an  fts  #3-  V  it  jz  V  i 


Fig.  3«  Rate  at  which  steels  dis¬ 
solve  as  a  function  of  the  CH3COOH 
concentration. 

A-Rate  of  corrosion,  gra«s/B^/hr;  B-normality  of 
the  acid.  / 

%  carbon  in  the  steel;  1-0.9;  2-0.78;  3-  0.6;  4-0.45 
5-0.32;  6-0.19;  7-0.1;  8-0.05. 


Fig.  h.  Logarithm  of  the  rate  of  steel 
dissolution  as  a  function  of  the- loga¬ 
rithm  of  H2SO4  activity. 

A- Logarithm  of  the  corrosion  rate;  B- logarithm  of 
activity.  %  carbon  in  the  steel;  1-0.9;  2-0.78; 
3-0.6;  4-0.45;  5-0.32;  6-0.19;  7-0.1;  8-0.05. 


^  H  00  -=1- 


Fig.  5-  Logarithm  of  the  rate  of 
steel  dissolution  as  a  function 
of  the  logarithm  of  HCl  activity 
(activities  corresponding  to  con¬ 
centrations  ranging  from  O.5  to  4 
mols  per  liter  HgO). 

A-l/jgarittim  of  the  corrosion  rate;  B~ Logarithm  of 
activity.  %  carbon  in  the  steel:  1-0.9;  2-0.78; 
3-0.6;  4-0.45;  5-0.32;  6-0.19;  7-0.1;  8-0.05. 


These  results  fully  agree  with 
those  cited  in  the  literature,  as  fax  as 
sulfuric  and  hydrochloric  acid^are  con¬ 
cerned.  There  are  no  such  data  in  the 
literature  for  acetic  acid. 

Figures  k,  5,  6,  and  7  depict  the 
relationship  between  the  logarithms  of 
acid  activity  and  the  logarithms  of  the 
rate  of  steel  dissolution. 

The  fact  that  the  relationship 
between  the  -activity  logarithms  and  the 
logarithms  of  the  corrosion  rate  is  ex¬ 
pressed  as  a  straight  line  for  all  the 
acids  tested  proves  th^t  the  following 
formula  is  correct; 


where  p  is  the  rate  of  steel  corrosionj 
a  is  the  acid  activityj  and  K  and  n  are 
constants. 


of  the  logarithm  of  HCl  activity 
(activities  corresponding  to  con¬ 
centrations  ranging  from  5  to  l4 
mols  per  liter  H^cJ. 

A-Logarithm  of  the  corrosion  rate;  B- logarithm  ' 
of  activity.  %  caibon  in  the  steel:  1-0.9; 

2-0.78;  3-0.6;  4-0.45;  5-0.32;  6-0.19;  7-0.1;  8  0JJ5 


steel  dissolution  as  a  function 
of  the  logarithm  of  CH3COOH  activ¬ 
ity. 


A-Logarithm  of  the  corrosion  rate;  B- logarithm  of 
activity.  %  carbon  in  the  steel:  1-0.9;  2-0.78; 
3-0.6;  4-0.45;  5-0.32;  6-0.19;  7-0.1;  8-0.05. 


The  observed  drop  in  the  values  of 
the  rate  of  steel  corrosion  from  the  form¬ 
ula  values  for  sulfuric  acid  at  concentrations  above  9*25  N  (Table  2,  Fig.  is 
evidently  due  to  the  appearance  at  this  concentration  of  the  factors  that  lead 
to  passivation  of  steels  in  the  acid  as  the  latter's  concentration  continues  to 
rise . 

The  fact  that  the  "log  a  -  logp  "  straight  lines  are  all  parallel  for  the 
same  acid  is  evidence  that  the  constant  n  does  not. depend  on  the  grade  of  steel. 
The  value  of  the  constant  n  was  found  from  the  tangent  of  the  slope  of  the 
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’’log  a  -  Ipgp  *  straight  lines o  The  value  of  n  is  O.67  for  sulfuric  acid,  which 
demonstrates  that  Novikov' s  formula  p  =  K  •  a^/a  holds  good  for  all  the  grades  of 
steel  tested.  We  used  our  experimental,  data  to  calculate  the  values  of  n  for 
hydrochloric  and  acetic  acids,  n  being  found  to  equal  0,85  for  hydrochloric  acid 
and  0,33  for  acetic  acid. 

Hence,  the  value  of  n  is  a  characteristic  of  the  acid.  Knowledge  of  this 
constant  is  of  considerable -practical  importance,  as  it  enables  one  to  compute 
the  rate  at  which  steel  dissolves  at  any  activity,  provided  the  value  of  the  cons¬ 
tant  K  has  been  determined  experimentally. 

The  value  of  the  constant  K  depends  upon  the  nature  of  the  acid  and  upon 
the  composition  of  the  steel.  The  value  of  this  constant  is  given  by  the  inter¬ 
cepts  of  the  "log  a  -  log  p  "  straight  lines  on  the  axis  of  ordinates. 

When  steels  are  dissolved  in  sulfuric  acid,  the  coefficient  K  rises  from 
25 •59  to  53*5  with  a  rising  ^  C  in  the  steel  (which  corresponds  to  a  change  in 
the  value  of  log  K  from  1.4l5  to  loT^T)* 

When  steels  sore  dissolved  in  hydrochloric  acid,  the  coefficient  K  rises 
from  1.88  to  4.59  with  a  rising  ^  C  in  the  steel  (log  K  varies  from  O.276  to 

0.667)., 

When  steels  are  dissolved  in  acetic  acid,  the  coefficient  K  rises  from  la08 
to  1.95  with  a  rising  ^  C  (log  K  varies  from  O.O33  to  O.285). 

The  way  in  which  the  constant  K  varies  with  changes  in  the  ^  C  in  the  steel 
is  understandable.  Indeed,  as  Krasovitskaya  has  shown,  the  rate  of  dissolution 
of  carbon  steels  at  a  single  concentration  of  sulfuric,  hydrochloric,  or  acetic 
acid  rises  uninterruptedly  with  a  rising  ^  C  in  the  steel. 

It  follows  from  the  formula  p  =  K  °  a’^  that  K  is  simply  the  dissolution 
rate  of  steel  in  an  acid  solution  whose  activity  (aT  equals  one. 

SUMMARY 

Investigation  of  the  rate  of  dissolution  of  eig^t  grades  of  steel,  of  dif¬ 
ferent  carbon  content,  in  sulfuric,  hydrochloric,  and  acetic  acids  of  various 
concentrations  has  shown  that  the  activity  of  sulfuric,  hydrochloric,  and  acetic 
acids  (a)  is  related  to  their  rate  of  attack  of  carbon  steels  throughout  a  wide 
concentration  range  by  the  general  formulas 

p  =  K  “  a  , 

where  K  and  n  are  constants.  For  sulfuric  acid  the  value  of  n  is  O.675  for  hydro¬ 
chloric  acid,  n  =  0,855  and  for  acetic  acid,  n  =  0.33* 
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DOUBLE  SUBSTITUTIONS  OP  METHYL  KETONES  IN  PURPURYLIDENE  KETONES 


V.  I„  Tikhonova 

Chair  of  General  Chemistry,  Saratov  State  Institute  of  Medicine 


In  the  study  of  the  reactivity  of  various  organic  compounds,  several  investi¬ 
gations  have  been  made  of  the  double  substitutions  involving  carbonyl  compounds. 

The  first  papers  in  this  field  were  those  by  Chelintsev  and  Nikitin  [i]  on  the  re¬ 
actions  involving  double  substitutions  of  aldehydes  in  the  condensation  products 
with  acetone.  They  showed  that  the  aliphatic  aldehydes  displace  furfural,  while 
furfural  itself  displaces  aromatic  aldehydes.  The  difference  between  the  activity 
of  the  aldehydes  in  these  reactions  is  quite  considerables  furfural,  for  example, 
is  five  times  as  active  as  benzaldehyde ,  while  the  differences  between  other  alde¬ 
hydes  -is  even  greater  [2]. 

Thereafter,  a  number  of  research  workers  established -processes  involving  the 
double  displacement  of  ketones  from  hydrazones,  semicarbazones,  and  bisulfite  com¬ 
pounds.  Neuberg  and  Collatz,  for  example,  have  described  their  observations  of 
the  displacement  of  some  ketones  by  others  from  their  hydrazones  [a].  But  the 
literature  contains  no  description  of  the  double  substitution  of  ketones  in  their 
condensation  products  with  aldehydes. 

We  endeavored  to  effect  the  double  substitution  of  ketones  in  their  condensa¬ 
tion  products  with  furfural.  We  used  acetone,  methyl  ethyl  ketone,  methyl  propyl 
ketone,  and  acetophenone  in  these  reactions. 

There  is  not  much  difference  between  the  activities  of  these  methyl  ketones 
in  this  reaction.  Their  relative  activities  are  as  follows? 

Acetone  >  Methyl  ethyl  ketone  >  Methyl  propyl  ketone  >  Acetophenone 

100  83.6  75.1  68.5 

Such  slight  difference  in  activity  made  the  employment  of  these  compounds  in 
double  substitution  reactions  extremely  difficult. 

The  reactions  of  ketones  with  aldehydes  in  the  presence  of  an  alkali  result 
in  the  formation  of  high-molecular  unsaturated  ketones.  Many  of  these  unsaturated 
ketones  form  colored  products  when  dissolved  in  concentrated  solutions  of  strong 
acids.  This  phenomenon  of  halochromism  is  particularly  striking  in  the  condensa¬ 
tion  products  of  acetone  and  acetophenone  with  furfural.  The  possibility  of  check¬ 
ing  the  change  in  concentration  of  the  products  of  the  condensation  of  ketones 
with  furfural  colorimetrically  enables  us  to  observe  the  dislodging  of  one  ketone 
by  another  in  these  condensation  products. 

EXPERIMENTAL 

To  effect  the  displacement  of  acetophenone  by  acetone  we  prepared  the  pure 
condensation  product  of  acetophenone  and  furfural  -  f urfurylideneoacetophenone s 


u 


~CH=CH“CCH»^ 


(I) 


We  did  this  hy  condensing  furfural  with  acetophenone  by  the  Costaneski  method  [4], 

Equimolar  amounts  of  furfural  and  acetophenone  were  dissolved  in  alcohol,  and 
a  suitable  amount  of  an  aqueous  KOH  solution  was  added  to  the  solution.  The  re¬ 
action  mixture  was  agitated  and  then  allowed  to  stand  for  2  hours.  Diluting  the 
solution  with  water  yielded  the  oily  condensation  product,  which  was  separated  out 
in  a  separating  funnel.  The  resultant  oil  was  washed  repeatedly  with  water  and 
then  dissolved  in  ether.  The  ether  solution  was  desiccated  above  CaCl2,  and  the 
ether  was  driven  off.  We  endeavored  to  secure  the  pure  furfurylidenoacetophenone 
by  simply  distilling  the  desiccated  oily  product  at  317°  and  atmospheric  pressure 
[4].  The  oil  resinified  above  200®,  however,  and  carbonized  at  27O-28O® .  We  then 
resorted  to  distillation  at  11  mm  vacuum  and  l87°C. 

The  purity  of  the  product  was  then  checked.  We  were  interested  in  having  it 
completely  free  of  furfural.  This  was  done  by  reacting  the  product  with  aniline 
in  the  presence  of  acetic  acid.  When  we  made  the  "aniline  test,"  the  furfural 
reaction  turned  out  positive  —  a  red  color  was  produced. 

In  order  to  secure  a  furfurylidenoacetophenone  that  was  completely  free  of 
furfural,  we  repeated  the  condensation  of  furfiiral  with  acetophenone,  varying  the 
condensation  conditions  somewhat.  We  used  an  excess  of  acetophenone,  employing  5 
molecules  of  the  ketone  to  2  molecules  of  furfural.  The  mixture  was  allowed  to 
stand  overnight.  The  aniline  test  of  the  resulting  pure  product  indicated  that 
there  was  absolutely  no  free  furfural  present. 

Substitution  of  Acetone  for  Acetophenone 

Reaction  of  furfurylidenoacetophenone  with  acetone  in  an  acid  medium.  We 
dissolved  a  drop  of  the  furfurylidenoacetophenone  we  had  prepared  in  10  ml  60^  sul¬ 
furic  acid}  the  solution  was  an  amber  color.  We  added  a  drop  of  acetone  to  it. 
Within  10  to  I5  minutes  the  yellow  color  of  the  solution  turned  to  red,  and  with¬ 
in  a  few  hours  the  color  of  the  mixture  was  characteristic  of  the  condensation 
product  of  furfural  and  acetones  difurfurylidenoacetone  (ll).  It  was  obvious  that 
the  furfurylidenoacetophenone  had  been  converted  into  the  corresponding  conden¬ 
sation  product  of  furfural  and  acetone. 

I “COCHs 


t^-CH=CH-C0='5s 
°  (I) 


+CH3C0CHi3 


8  O' 

(II) 


Hence,  under  these  conditions  acetone  replaces  acetophenone  in  the  latter's 
condensation  products  with  furfural. 

To  provide  further  proof  of  this  conclusion,  we  made  the  following  tests  we 
prepared  furfurylidehoacetone  and  reacted  it  with  acetophenone  in  an  acid  solution. 

For  this  condensation  we  prepared  a  mixture  of  equal  volumes  (l  ml  each)s  a 
0.002  molar  aqueous  solution  of  furfuralj  a  0.020  molar  aqueous  solution  of  acet¬ 
one;  and  a  50^  solution  of  caustic  potash. 

Fifteen  minutes  after  the  reaction  began,  the  reaction  mixture  was  dissolved 
in  30  ml  of  60^  sulfuric  acid  at  ^0°  C  (water  bath) .  By  this  time  the  reaction 
of  the  acetone  with  the  furfural  under  the  given  alkaline  conditions  was  already 
complete.  One  drop  of  pure  acetophenone  was  added  to  the  resultant  red  solution. 
Calculation  indicates  that  when  this  is  done  the  molar  acetophenones  acetone  ratio 
is  approximately  I55I.  No  change  in  color  was  observed,  however,  even  after  30 
minutes  had  elapsed.  Then  two  more  drops  of  pure  acetophenone  was  added  to  the 
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mixture}  after  5-6  hours  had  passed,  comparison  of  the  mixture’s  color  with  that 
of  a  control  solution  showed  that  the  intensity  of  its  red  color  had  weakened  some¬ 
what.  Hence,  in  an  acid  medium  the  substitution  process  involves  principally  the 
replacement  of  the  acetophenone  hy  acetone. 

We  also  carried  out  this  reaction  of  replacing  acetophenone  by  acetone  in  an 
alkaline  solution. 


Reaction  of  furfurylidenoacetophenone  with  acetone  in  an  alkaline  medium.  For 
these  experiments  we  prepared  a  weak  alcoholic  solution  of  furfurylidenoacetophen¬ 
one,  whose  concentration  was  such  that  dissolving  1  ml  of  it  in  10  ml  of  60^  sulf¬ 
uric  acid  turned  the  solution  an  intense  yellow.  The  reaction  was  carried  out 
with  different  concentrations  of  acetone.  Since  the  reaction  product  is  a  satur- 
ated  diketone:  _ 

0  '^CHe-CO-CHs 


that  is  incapable  of  halochromism  with  an  acid  when  the  molar  excess  of  acetone 
over  the  furfural  is  very  high,  we  had  to  confine  ourselves  to  a  slight  excess  of 
acetone  in  our  experiments  [5], 

We  used  0 . 020  molar  and  0.005  molai-  aqueous ,  solutions  of  acetone  in  our  experi¬ 
ments.  These  molar  ratios  of  the  ketone  to  the  aldehyde  yield  unsaturated  ketones 
as  condensation  products  [®]s 

-CH=CH--C0-CH3  (IV)  and  “CH=CH-CC>-CH=CH-  (ll) 

0  0  0 
Furfurylidenoacetone  Difurfurylidenoacetone 


We  prepared  the  following  mixtures  for  the  tests:  the  first  mixture  consisted  of 
equal  volumes  of  an  alcoholic  solution  of  furfurylidenoacetophenone,  a  0.020  molar 
aqueous  solution  of  acetone,  and  a  60^  aqueous  solution  of  caustic  potash}  the 
second  (the  control  mixture)  consisted  of  equal  volumes  of  an  alcoholic  solution 
of  furfurylidenoacetophenone,  water,  and  a  60^  aqueous  solution  of  caustic  potash. 

Small  flasks  containing  these  mixtures  were  placed  in  a  water  bath  at  ^0° . 
Fifteen  minutes  later  samples  of  each  mixture  were  taken  and  dissolved  in  ten 
times  their  volume  of  60^  sulfuric  acid.  The  color  of  the  control  mixture  (with¬ 
out  any  acetone)  was  yellow,  while  the  color  of  the  mixture  containing  acetone 
differed  appreciably  from  that  of  the  control  mixture  by  displaying  a  trace  of 
red.  This  proved  that  unsaturated  condensation  products  of  furfural  and  acetone 
had  been  formed. 

Thirty  minutes  later  new  samples  were  taken  and  dissolved  in  the  acid}  they 
exhibited  the  same  picture,  the  red  color  of  the  first  mixture  being  deeper  by  now 

We  secured  similar  results  when  we  repeated  these  tests,  using  lower  concen¬ 
trations  of  acetone,  down  to  O.OO5  mol. 


Hence,  acetophenone  is  displaced  by  acetone  from  furfurylidenoacetophenone  in 
an  alkaline  medium  as  well. 


Displacement  of  Methyl  Propyl  Ketone  by  Acetone 

We  have  pointed  out  above  that  methyl  propyl  ketone  is  only  25^  less  active 
than  acetone  in  a  reaction  with  furfural,  while  methyl  ethyl  ketone  is  only  17^ 
less  active.  Nevertheless,  we  endeavored  to  substitute  acetone  for  methyl  propyl 
ketone  in  the  condensation  products  of  furfural  with  the  first  of  these  ketones. 
Alkali  as  well  as  acid  were  used  in  these  tests. 


We  used  a  mixture  of  equal  volumes  of  a  O.OO5  molar  aqueous  solution  of 


furfural  and  a  0.020  molar  aqueous  solution  of  methyl  propyl  ketone  in  these  tests. 
5  ml  of  60^  caustic  potash  was  added  to  10  ml  of  the  mixture.  The  reaction  mix¬ 
ture  was  placed  in  a  50®  water  hath  for  50  minutes.  Then  2  ml  of  the  solution 
was  dissolved  in  20  ml  of  60^  sulfuric  acid.  The  color  of  the  acid  solution  was 
a  harely  perceptible  yellow-green.  A  few  drops  of  pure  acetone  was  added  to  it. 

The  solution  exhibited  no  change  of  color  in  the  course  of  2  hours. 

A  reaction  mixture  of  equal  volumes  of  the  following  solutions  was  prepared 
to  test  the  substitution  reaction  in  an  alkaline  mixtures  a  O.OO5  molar  aqueous 
solution  of  furfural,  a  0.020  molar  aqueous  solution  of  methyl  propyl  ketone,  and 
a  60^  caustic  potash  solution.  Thirty  minutes  after  the  reaction  set  in  5  nil  of 
a  0.020  molar  aqueous  solution  of  acetone  was  added  to  6  ml  of  this  mixture.  By 
this  time  there  was  no  free  furfural  in  the  reaction  mixture,  as  the  aniline  test 
was  negative.  The  solution  was  left  for  another  30  minutes  in  the  water  bath.  A 
sample  of  the  reaction  mixture  was  dissolved  in  10  times  its  volume  of  60^  sulfuric 
acid.  The  solution  was  colored  slightly  red,  which  is  characteristic  of  the  con¬ 
densation  products  of  furfural  and  acetone. 

We  were  able  to  produce  a  more  intense  color  of  a  similar  acid  solution  when 
we  added  a  smaller  concentration  of  acetone  to  the  condensation  products  of  methyl 
propyl  ketone  and  acetone  (in  an  alkaline  medium).  This  reduced  the  acetone  — 
furfural  molar  ratio,  which  results,  as  we  have  shown,  in  the  formation  of  \insat- 
urated  ketones  that  are  capable  of  halochromism. 

Thus,  we  were  able  to  substitute  acetone  for  methyl  propyl  ketone  in  these 
products  only  in  an  alkaline  medium.  We  were  unable  to  observe  such  replacement 
.when  an  acid  is  present. 

The  reactions  described  by  us,  involving  the  substitution  of  other  methyl 
ketones  by  acetone  in  their  condensation  products  with  furfural,  are  based  upon 
the  differences  in  the  activity  of  these  ketones.  The  greater  the  difference  in 
reactivity,  the  easier  it  is  to  substitute  one  ketone  -  the  more  active  one  -  for 
another.  It  is  extremely  difficult  to  effect  this  sort  of  reaction  with  adjacent 
homologs,  such  as  acetone  and  methyl  ethyl  ketone^  in  these  cases  the  determining 
factor  becomes  the  relative  quantities  of  these  ketones  present  in  the  reactions. 

Methyl  ethyl  ketone  is  only  17^  less  active  than  acetone  in  the  furfural  re¬ 
action.  But  when  it  is  used  in  very  large  excess  over  the  acetone,  the  acetone 
can  be  partially  displaced  from  its  corresponding  condensation  product  with  fur¬ 
fural.  We  prepared  a  dilute  solution  of  difurfurylidenoacetone  in  60^  sulfuric 
acid,  and  then  added  0.25  ml  of  pure  methyl  ethyl  ketone  to  10  ml  of  this  solu¬ 
tion  5-  after  50-40  minutes  had  elapsed  (at  40-50°),  a  slight  change  in  the  tint 
of  the  solution  color  could  be  noticed,  its  violet  hue  being  lost.  This  is  an  in¬ 
dication  of  the  partial  substitution  of  methyl  ethyl  ketone  for  the  acetone. 

SUMMARY 

1.  A  qualitative  reaction  has  been  carried  out  involving  the  substitution  of 
acetone  for  acetophenone  in  the  primary  condensation  product  of  furfural  and  acet¬ 
ophenone.  The  reaction  was  carried  out  in  an  acid  as  well  as  an  alkaline  medium. 

2.  The  process  involved  in  the  substitution  of  acetone  for  methyl  propyl  ket¬ 
one  in  the  primary  condensation  product  of  that  ketone  with  furfural  has  been  in¬ 
vestigated.  Owing  to  the  slight  difference  between  the  chemical  activity  of  these 
two  compounds  in  the  reaction  with  furfural,  we  were  able  to  detect  this  substi¬ 
tution  only  in  an  alkaline  medium. 
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A  COMPOUND  HELIX  AS  A  CATALYST  CARRIER 


N.  Zo  Kotelkov 

Chair  of  Chemistry,  Saratov  Agricultural  Institute 


It  has  been  established^  as  the  result  of  numerous  experiments,  that  only,  a 
top  layer  some  200-500  nP  thick  of  a  solid  catalyst  is  active  in  catalytic  pro¬ 
cesses,  so  that  pure  catalysts  have  an  inactive  mass  that  actually  acts  as  a  car¬ 
rier  for  the  catalytically  active  atoms  or  molecules.  Moreover,  a  pure  contact 
agent  is  caked  and  recrystallized  during  catalysis,  thus  losing  its  activity. 

These  unwelcome  phenomena  may  be  effectively  counteracted  or  eliminated  by  mount¬ 
ing  the  catalyst  on  a  suitable  carrier. 

With  this  in  mind,  as  well  as  to  make  the  fullest  possible  use  of  the  catalyst 
and  to  increase  its  active  surface,  we  employed  compound  helixes  as  carriers, 
made  up,  depending  upon  the  nature  of  the  catalysis  process,  of  pure  metal  wire 
(copper,  aluminum,  iron)  or  of  alloy  wire  (nichrome,  fekhral,  nickeline,  manganin, 
etc.). 

EXPERIMENTAL 

Manufacture  of  the  spiral.  A  wire  0.5-0,7  mm  in  diameter  and  672  to  480  cm 
long,  with  a  surface  of  IO5.5  cm^,  was  wound  into  a  close  helix  with  an  inner 
diameter  of  2.5  mm  (Fig.  1,  a,  b,  c,  d,  and  e  -  helixes  of  copper,  aluminum,  iron, 
nichrome,  and  nickeline  wire.  See  Plate,  page  245),  The  resulting  helix  was 
V  then  wound  into  a  compound  helix,  6, 5-7 *5  cm  long,  with  an  inner  diameter  of  6  mm, 
consisting  of  I6-I8  turns  (Fig.  2,  a,  b,  c,  d,  and  e,  compound  helixes  made  of 
copper,  iron,  aliminum,  nickeline,  and  nichrome  wire.  See  Plate,  page  245). 

The  compound  helix  was  mounted  inside  the  usual  (quartz)  catalysis  tube.  The 
temperature  was  measured  with  a  thermocouple,  one  junction  of  which  was  placed 
inside liie  helix;  a  quartz  plug  was  fitted  in  the  other  end  of  the  helix.  When 
helixes  of  high  resistance  alloys  were  used,  heating  was  effected  directly  by 
means  of  the  electric  current  passing  through  the  helix.  Constant  temperature 
can  be  maintained  by  use  of  a  thermoregulator,  the  accuracy  of  regulation  being 
heightened  by  the  helix's  low  thermal  inertia. 

Effective  use  of  the  helixes.  Platinum,  palladium,  alumina,  and  various 
Saratov  and  Voronezh  clays  were  used  as  catalysts  mounted^  on  the  helixes.  Helixes 
with  catalysts  applied  to  them  are  shown  in  Fig.  5  (see  Plate,  page  245)^  where 
a,  b,  c,  £uid  d  are  compound  helixes s  a  —  aluminum,  coated  chemically  with  alumina; 
b  -  nichrome,  coated  thermally  with  platinum;  c  -  nichrome,  coated ‘with  alumina; 
d  —  nichrome,  coated  with  clay. 

Platinum  and  palladium  were  applied  thermally,  totaling  0.05-0.07^  of  the 
carrier  by  wei^t  representing  a  total  of  0. 007-0. 009  g  for  a  nichrome 

helix  weighing  15*55  g. 

A  comprehensive  study  has  been  made  [4,5]  of  the  catalytic  dehydrogenation  of 
cyclohexane  over  Pt  and  Pd,  using  various  carriers. 
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In  the  present  paper  we  made  a  study  of  the  dehydrogenation  of  cyclohexane 
and  the  oxidation  of  hydrogen  above  the  same  metals,  applied  to  a  nichrome  helix 
(Tables  1  and  2). 

•  ^  TABLE  1 

Dehydrogenation  of  Cyclohexane  Above  Platinized  Asbestos  and  a 

Platinized  Nichrome  Helix 


Test  Experimental  Amount  of  platinum  Volume  of  Surface  of  Per  cent  de- 
No.  Conditions  deposited  on  the  helix,  helix,  hydrogenation 


Test 

Tempera¬ 

Per  cent 
hydrogen  by 
volume  in 
air -hydro¬ 
gen  mixture 

Amount  of  pal¬ 

Quan¬ 

Surface 

No. 

ture  ,  ®  c 

ladium  deposited 
on  the  carrier 

tity  of 
carrier, 
g 

of  car¬ 
rier, 
cm^  . 

0.054  g  on 
asbestos 

ditto 


0.0015  g  on  helix 
ditto 


Percent  oxida¬ 
tion  at  gas- 
mixture  feed 
rate  of  4 
liters /hour 


100  (slight 
local  over¬ 
heating) 

100  (slight 
local  over¬ 
heating) 

100  (no  over 
heating) 

100  (slight 
local  over¬ 
heating)  . 


As  we  see  in  the  table,  the  efficiency  of  the  proposed  design  is  IJTo'^Y  ” 

557  times  higher  than  that  customarily  employed  for  dehydrogenating  cyclohexane, 
d  X  =  26  times  higher  for  the  oxidation  of  hydrogen.  It  is  apparent  that 


the  increase  in  efficienc  is  still  greater  -when  the  wei^t  of  the  pure  catalysts 
is  compared  with  that  of  the  same  catalysts  deposited  on  compound  helixes. 

This  effect  may  be  explained  as  due  to  the  influence  of  the  crust  of  oxides 
on  the  nichrome  surface  upon  the  structure  of  the  thermally  deposited  platinum. 

As  a  result,  the  contact  mass  acquires  a  finely  dispersed  structure,  providing 
the  maximum  possible  number  of  active  centers  under  the  given  conditions  and  in¬ 
hibiting  caking  and  the  recrystallization  of  the  catalyst  mass.  An  explanation 
of  the  favorable  effect  of  this  " carbonizing ••  upon  the  dehydrogenation  of  cyclo¬ 
hexane  has  been  given  in  a  previous  paper  [2],  and  we  shall  not  dwell  upon  it 
here. 

The  advisability  of  depositing  the  dehydrating  catalysts,  alumina  and  clay, 
upon  a  nichrome  helix  is  illustrated  in  Table  5* 

TABLE  3 

Dehydration  of  Isopropyl  Alcohol  Above  Alumina  and  Voronezh  Fire  Clay 

(rate  of  feed  =  O.O5  ml  per  min.) 


Test  Temp., 


Catalyst 


13*95  g  of  clay  in  pellets 
ditto 

0.46  g  of  clay,  deposited  on 
a  compound  helix 
1.02  g  of  clay,  deposited  on 
a  compound  helix 
ditto 
ditto 

13*95  g  of  alumina  in  pellets 
ditto 

1.06  g  of  alumina  deposited  on 
a  compound  helix 
ditto 


Volume  I  Surface  Per  cent 
of  helix,  of  helix,  dehydra- 


105  *5 


105*5 

105*5 

105*5 


105*5 

105*5 


99*6t 

99*97 

99.42 


99*89 
100 
100  • 
67.06 
98.67 

69.55 

98.89 


As  we  see  from  the  table,  the  efficiency  of  the  proposed  process  exceeds 
that  of  the  customary  one  by  13.93/1*02  =  l400^  at  25O®  and  13*93/0.46  =  3000^ 
at  300®,  in  the  dehydration  of  isopropyl  alcohol  with  clay. 

_ _ _  TABLE  4 


About  the  same  efficiency 
is  observed  with  aliamina  de¬ 
posited  on  the  exterior  of 
the  helix.  As  for  the  alumina 
produced  chemically  as  a  por¬ 
ous  layer  on  an  aluminum 
helix,  this  type  of  deposit 
causes  the  efficiency  to  rise 

■0.012!y  ^ 


Dehydration  of  Isopropyl  Alcohol  with  Alumina 
(alcohol  feed  rate  =  3  ml  per  hour) 


Test  Temp. , 


Amount  of  alumina, 
g 

3*4966  as  pellets 
ditto 

0,0125,  deposited  on 
an  aluminum  helix 
ditto 


Per  cent 

dehydration 

9k. 1^ 

99  ■9k 
96.90 

99-98 


In  this  case,  0.0125  g  of  I  I  1 

aluminum  oxide  was  deposited 

on  the  aluminum  helix  chemically  instead  of  using  3*4966  g  of  it  in  the  form  of 
pellets.  Moreover,  the' percentage  dehydration  is  somewhat  higher  above  the  helix 
(Table  4). 

_ ^Helixes  made  of  hig^-resistance  wire  sire  directly  heated  by  an  electric 

*With  a  feed  rate  of  0,1  ml  per  min.  , 


current  of  1.7-2. 5  amp,  Instead  of  in  a  tubular  electric  furnace,  using  7*5-10 
amp  at  the  same  voltage.  This  effects  a  saving  of  and  more  of  electric  ener¬ 

gy.  Heating  the  helix  by  passing  a  current  through  it  makes  it  possible  to  fol¬ 
low  the  catalysis  process  visually  without  disassembling  the  apparatus  -  all  that 
is  necessary  is  removing  the  asbestos  insulation  from  the  catalysis  tubej  this 
is  a  factor  of  great  importance  in  laboratory  investigations. 

SUMMARY 

1.  It  has  been  found  that  in  several  cases  it  is  advisable  to  employ  compound 
helixes  made  of  suitable  metals  or  alloys  as  a  csirrier  for  catalysts. 

2.  A  compound  helix  made  of  nichrome  is  a  good  carriers  a)  for  platinum  and 
palladium,  since  the  presence  of  an  oxide  crust  prevents  caking  and  recrystalli- 
zationj  and  b)  for  alumina  and  clay,  owing  to  the  thermal  stability  of  the  helix 
and  the  fact  that  it  can  be  heated  by  an  electric  current  passing  through  it. 

3.  An  aluminum  helix  chemically  coated  with  alumina  is  a  good  dehydration 
catalyst . 
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PROTECTING  IRON  AGAINST  CORROSION 
UNDER  ATMOSPHERIC  CONDITIONS  BY  COATINGS  OP  OIL* 


A  Ya.  Drinberg  and  M.  Go  Rokhlin 
Lensoviet  Institute  of  Technology,  Leningrad  ' 

In  a  previous  report  [i]  we  discussed  the  general  trend  of  chemical  and  phys¬ 
ical  changes  observed  during  the  aging  of  oil  films  when  exposed  to  the  air.  In 
considering  the  changes  occurring  in  the  film  itself,  neither  we  not  a  number  of 
-Other  research  workers  [2]  took  into  account  the  changes  in  its  protective,  anti¬ 
corrosion  properties. 

There  is  hardly  room  for  doubt  that  the  duration  of  the  anticorrosion  protect¬ 
ion  of  metals  is  one  of  the  most  important  properties  to  be  considered  in  the  use 
of  paint  vehicles  and  oil  paints.  Moreover,  there  is  no  direct  connection  between 
the  changes  in  the  mechanical  properties  of  the  films  and  their  protective  prop¬ 
erties,  Indeed,  numerous  cases  have  been  described  in  which  the  film  continued  to 
provide  excellent  protection  against  corrosion  despite  rapid  changes  in  its  mech¬ 
anical  and  chemical  properties.  For  example,  coats  of  red  lead  in  linseed  oil 
[2^3]  quickly  turn  brittle,  their  elongation  and  elasticity  falling  off  sharply, 
while  their  protective  properties  are  maintained  for  a  long  time.  The  same  holds 
true  of  all  paints  based  on  polymers  of  divinylacetylene  [4]  and  nitropentaphthals 
[5].  On  the  other  hand,  hi^ly  plastic  coatings  based  on  cellulose  esters  [e], 
without  oil  priming  coats,  and  many  other  film-forming  materials,  as  well  as 
coatings  with  a  pigment  base,  which  exhibit  a  lesser  change  of  their  mechanical 
properties  when  their  films  are  aged,  provide  poor  corrosion  protection,  and  the 
service  life  of  such  coating^ is  shorter. 

The  present  paper  describes  experiments  on  the  preparation  of  various  unpig- 
mented  oil  coatings  and  the  testing  of  their  ability  to  protect  iron  against  cor¬ 
rosion  under  atmospheric  conditions.  Subsequent  reports  will  deal  with  the  changes 
in  the  mechanical  and  anticorrosion  properties  of  these  films  that  occur  with  age, 
as  well  as  with  the  aging  of  pigmented  films. 

EXPERIMENTAL 

The  vegetable  oils  selected  for  these  experiments  were  first  refined,  their 
major  physical  and  chemical  characteristics  corresponding  to  the  technical  speci¬ 
fications  (All-Union  Standards,  People's  Commissariat  for  the  Food  Industry, 

1939}  Nos.  578,  505,  307/ST-6,  and  No.  1488).  The  data  on  their  principal  phys¬ 
ical  and  chemical  characteristics  are  listed  in  Table  1. 

The  mean  molecular  weight  was  determined  by  Rast's  camphor  method.  The  esters 
of  pentaerythritol  and  the  fatty  acids  were  synthesized  as  follows.  First,  the 
oils  were  saponified  in  the  usual  manner  with  caustic  potash  and  alcohol.  The 
resulting  soaps  were  then  treated  with  sulfuric  acid.  The  sulfuric  acid  was  wash¬ 
ed  out  of  the  fatty  acids  thus  produced,  which  were  desiccated  and  then  esterified 
with_pentaerythritol_to  yield  the  corresponding  esters. 

*  Report  DC  of  a  series  on  t^e  polymerization  and  drying  of  oils  and  esters  of  the  fatty  acids. 


TABLE  1 


Physical  and  Chemical  Characteristics  of  Vegetable  Oils 


Vegetable  oil 

Molec¬ 

ular 

weight 

Specific 
gravity 
at  20® 

Viscos¬ 
ity  at 
20®, 

(°  Eng.; 

Refractive 
index  at 
20® 

Color 
equiva¬ 
lent  in 
mg  of 
iodine 

Sapon¬ 
ifica¬ 
tion  No. 
mg  KOH- 

Hubl 

No. 

Acid 
Number , 
mg  KOH 

Tung  oil  . 

857 

0.940 

7.5 

L. 519-1. 525 

45 

195-2 

148.9 

2.4 

Linseed  oil  . . 

842 

0.936 

6.5 

L. 482-1. 484 

16 

195. 

176.1 

1.1 

Cottonseed  oil 

860 

0.922 

6.8 

L.  464-1 .472 

120 

192.5 

120.1 

0.4 

.  The  purity  of  the  initial  pentaerythritol  was  tested  by  the  Reid  benzalde- 
hyde  methodj  it  was  found  to  be  92^  pure.  Its  melting  point  was  214-4®.  It  con¬ 
tained  0.08^  moisture. 


The  data  on  the  synthesis  of  the  pentaerythritol  esters  of  the  acids  recovered 
from  the  vegetable  oils  are  listed  in  Table  2. 


TABLE  2 

Data  on  the  Synthesis  of  Pentaerythritol  Esters 


Initial  vegetable  Acids  recovered 
oil 


Acid  num-  Esterifi- 
ber  of  the  cation 
acids  re-  tempera- 
covered  ture,  ®C 


Duration  Acid  No.  of 
of  ester-  the  result- 
ification,  ing  pent aery - 
hours  thritol  es¬ 
ters 


Pentaerythritol 

ester 

Molec¬ 

ular 

weight 

Specific 
gravity 
at  20® 

Visocity 
at  20®, 

(“  Eng.) 

Refractive 

index 

Color 
equlv 
in  mg 
iodine 

Saponi- 
Hubl  fica- 
No.  tion  Na 
ms  KOH 

raised  someviiat  (lO  to  15^)  over  their  theoretically  computed  values  (1110-11^4-0) 
for  the  same  reason. 

The  paint  vehi9les  were  prepared  hy  mixinfs  the  siccative  with  the  slightly 
heated  (l+O-^O®)  respective  oil  in  certain  proportions,  which  were  the  same  for  all 
the  oils,  so  that  they  contained  the  equivalent  of  0.15^  of  metallic  cohalt. 

The  comparative  data  on  the  total  drying  time  for  the  paint  vehicles  and 
the  oils  are  given  in  Table  ii-. 

TABLE  k 


Data  on  the  Time  Required  For  the  Complete  Drying  of  Paint  Vehicles  and  Oils 


Time  for  complete  drying  of  vegetable 
oils  at  20® ,  days 

Time  for  complete  drying  of  paint 
vehicles  made  from  vegetable  oils, 
at  20®  ,  horn’s 

Tung  oil 

Linseed  oil 

Cottonseed  oil 

:  Tung  oil 

Linseed  oil 

Cottonseed  oil 

4.5 

6 

Does  not  dry  out 

1.5 

24-26 

45  days 
(peels  off) 

Time  for  ( 
thritol 

complete  drying  of  pentaery- 
esters  at  20®,  days 

‘ 

Time  for  complete  drying  of  paint 
vehicle  of  pentaerythritol  esters  at 
20® ,  hours 

Linseed  oil 

1  Cottonseed  oil 

Linseed  oil 

Cottonseed  oil 

- 

1  2.5 

1 

5-6 

14-15 

Three  methods  were  used  to  determine  the  durability  of  the  oil  films  for  the 
sake  of  comparison,  viz.s  a)  testing  them  under  natiiral  atmospheric  conditions^ 

b)  testing  them  in  an  apparatus  for  accelerated  aging,  a  "weather ometer*’  j  and 

c)  a  rapid  test  in  a  "hi^  speed  apparatus". 

The  following  indexes  were  employed  to  check  the  changes  that  occur  in  oil 
films  during  aging,  i.e=,  from  the  instant  they  begin  to  dry  until  they  break 
downs  a)  the  anticorrosion  protection  they  affordj  b)  the  elementary  composi¬ 
tion  of  the  films  during  various  aging  stages j  c)  the  extent  of  their  conversion 
into  three-dimensional  polymersj  d)  loss  in  wei^tj  e)  mechanical  properties. 
Including  their  elasticity  (reversible  deformation  of  the  free  film),  the  im-  , 
pact  and  bending  strength  of  the  film,  and  the  hardness  of  the  filmj  and  f)  the 
external  appearance  of  the  films  change  in  color,  appearance  of  cracks,  peeling, 
and  similar  indications  of  aging. 

With  the  excejption  of  the  principal  index  -  indicating  the  anticorrosion 
properties  —  each  of  the  indexes  listed  above,  taken  by'  Itself,  cannot  be  regard¬ 
ed  as  an  exhaustive  indication  of  the  state  or  the  properties  of  the  aging  film. 
Hence,  simultaneously  determining  several  indexes  enabled  us  to  get  an  idea  of 
the  mechanical  and  physico-chemical  properties  of  the  film,  and  thus  of  its 
value  as  a  coating. 

We  usually  employed  a  single-layer  coating  with  a  film  thickness  of  20-50  \i 
in  order  to  facilitate  the  diffusion  of  oxygen  and,  hence,  to  accelerate  the 
oxidation  processes  that  bring  about  the  other  aging  effects. 

The  iron  sheets  used  in  making  up  the  samples  were  carefully  cleaned  and  de¬ 
greased  before  a  coating  was  applied.  After  covering  the  edges  with  a  protective 
aluminum  coating,  the  sheets  were  dried  at  20®,  and  15  days  after  application  of 
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the  film  they  were  sent  to  the  "roof”  station  for  exposure,  where  they  were  moun¬ 
ted  at  an  angle  of  45® .  They  were  exposed  to  atmospheric  action  for  6  months  - 
from  May  to  October. 

The  extent  of  corrosion  of  the  iron  surface  underneath  the  film  when  the  sam¬ 
ples  were  aged  under  normal  atmospheric  conditions  is  given  in  per  cent  in  Table 

5. 

TABLE  5 

Per  Cent  Corrosion  of  Samples  Underneath  Coatings 
Under  Normal  Atmospheric  Conditions 


Length  of 
exposure, 
months 


Paint  vehicle 


Linseed  pentaery-  Cottonseed  penta- 
thritol  ester  erythritol  ester 


Tung  oil  Linseed  oil 


Natural 

linseed 

oil 


Table  ^  shows  that  after  6  months  of 
exposure  the  least  corrosion  occurred  under 
the  ”  cottonseed"  pentaerythritol-ester 
paint  vehicle,  while  the  most  corrosion 
occiirred  underneath  the  tung  oil. 

Investigation  of  the  properties  of 


ilms  when  tested  in  an  accelerated  agin 


apparatus  (the  Leningrad  Institute  of 


Technology  ”Weatherometer "J .  Iron  sheets 
5  X  10  cm  in  size  and  0.4  and  0.2  mm 
thick,  coated  with  an  oil  film  25  +  1 4J- 
thick,  were  subjected  to  these  tests. 

The  edges  of  these  sheets  were  coated  ' 
with  a  bituminous  varnish,  and  their 
backs  were  coated  with  No.  I58  oil-gly- 
ptal  primihg  to  protect  the  oil  coating 
under  test  from  corroding  action  commen¬ 
cing  at  the  unprotected  portions  of  the 
Iron's  surface. 

On  the  15th  day  after  the  sheets  had 
received  their  oil  coatings,  they  were  . 
placed  in  the  apparatus  and  tested  for 
their  resistance  to  corrosion.  The  ap¬ 
paratus  is  shown  diagramatically  in  the 
subjoined  drawing. 

The  following  procedure  was  set  up 
to  test  the  plates  in  this  apparatus: 

a)  10  minutes  of  artificial  rain. 


Accelerated  Aging  Apparatus 

l-Wheel;  2-quartz  lamp;  3-1000-watt 
electric  bulb;  4-heatlng  element  (infra 
red  rays):  5- sample  under  test;  6-water 
supply;  7-drive  from  electric  motor; 
8-outlet  drain;  9-air  supply  from  fan 
(artificial  wind). 


"b)  20  minutes  of  infrared  radiation,  with  the  temperature  raised  from  40  to 
60® ,  the  heating  element  being  8  cm  from  the  surface  of  the  sheet. 

c)  66  minutes  of  light  radiation  (from  the  electric  bulb,  the  temperature 
being  raised  from  ^0  to  90“ the  distance  from  the  light  source  to  the  sheet  being 
15  cm. 

d)  30  minutes  of  ultraviolet  radiation,  with  a  radiation  temperature  of  20  to 
30®,  the  distance  from  the  radiation  source  to  the  sheet  being  12  cm. 

The  entire  cycle  (a  complete  revolution  of  the  wheel)  lasted  2  hours  6  min¬ 
utes. 

The  entire  test  of  the  sheet  comprised  200  cycles  (or  k-20  hours).  Longer 
tests  were  unnecessary,  since  this  test  was  enough  to  make  most  of  the  coatings 
applied  to  the  iron  break  down  completely  as  the  result  of  corrosion. 

The  spread  of  corrosion  beneath  the  films  during  the  testing  of  the  samples 
is  given  in  per  cent  in  Table  6. 

TABLE  6 

Per  Cent  Corrosion  of  Samples  Underneath  Coatings 
_ ^ _ _ When  Tested  in  the  LTI  Weather ometer _ 


I 

Aging  i 

Paint  Vehicle 

time. 

Linseed  penta-  j 

jCottonseed  penta-| 

1  Tung  oil  1 

Linseed  oil 

Natural 

hours  1 

erythritol  ester  f 

}3rythritol  ester  1 

linseed  oil 

52.5  1 

0  i 

1  1 

i  °  ! 

1 

1  0 

0 

0 

105 

0  1 

1  0  1 

0 

0 

0 

157.5 

Specks  1 

[  0  1 

0 

Specks 

0 

210 

5  ! 

0 

Specks 

5 

!  Specks 

262.5 

10  I 

3-5  1 

20, 

15, 

10, 

i 

corroded 

corroded 

corroded 

1 

in  indi- 

in  indi- 

in  indi- 

vidual 

vidual 

vidual 

. 

areas 

areas 

areas 

515 

20,  ^ 

10 

Much  yel- 

Much  yellow- 

Much  yellow- 

corroded  in  tiny 

i 

lowed. 

[  ed,  corroded 

ed,  30,  cor- 

patches 

1 

network 

in  tiny 

roded  in 

of  cor- 

patches,  30 

tiny 

roded 

patches 

spots,  50. 

420 

Film  much  yellow- 

Film  much  yel-  ’ 

Film  turn- 

Film  turned 

•Film  turned 

ed,  corroded  in 

lowed,  corrod- 

ed  brown. 

brown,  par- 

brown,  par- 

individual 

1  ed  in  tiny 

much  peel- 

tially  peel- 

tially  peel- 

areas,  30-55 

1  patches. 

ing,  cor- 

ing,  corrod- 

ing,  corrod- 

1  15 -?o 

roded  in 

ed  in  pat- 

ed  in  patche 

continuous 

ches,  40-50 

40-50 

patches. 

60-70 

95-100^  of  the  surface  of  the  unprotected  iron  sheet  was  corroded  after 
hours. 

It  should  be  noted  that  the  tung-oil  paint  vehicle  proved  to  be  one  of  the 
most  resistant  after  210  hours  (100  cycles)  of  aging,  whereas  its  position  had 
changed  markedly  after  420  hours  of  aging.  The  film  produced  by  a  paint  vehicle 
based  on  the  "cottonseed"  pentaerythritol  ester  gave  the  best  results,  the  tung- 
oil  vehicle  yielding  the  worst  results. 


Table  6  indicates  that  films  produced  by  pentaerythritol  esters  were  found  , 
to  resist  corrosion  better  than  films  produced  by  vegetable  oils. 
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PROTECTING  IRON  AGAINST  CORROSION  BY  COATINGS  OP  OIL 

AND  CHANGES  IN  THE  LATTER’  S  PHYSICAL  PROPERTIES 

\ 

AS  THE  RESULT  OP  AGING* 


A  Ya.  Drinberg  and  M.  G.  Rokhlin 
Lensoviet  Institute  of  Technology,  Leningrad 

In  our  previous  report  [i]  we  discussed  the  anticorrosion  protection  of  iron 
under  atmospheric  conditions  by  means  of  coatings  based  on  oils  and  pentaerythri- 
tol  esters.  The  aging  conditions  of  the'  coatings  have  been  kept  constant  to  pro¬ 
vide  a  basis  for  comparing  the  anticorrosion  properties  of  these  coatings  with 
the  changes  in  their  mechanical  properties  during  the  aging  process.  These  con¬ 
ditions  were  provided  in  an  accelerated  aging  apparatus  [2]^  in  which  such  major 
factors  in  atmospheric  aging  as  light,  moist  heat,  the  eolation  of  volatile  sub¬ 
stances,  and  the  effect  of  oxygen  (wherein  it  differs  from  the  weatherometer  [1]), 
were  intensified.  The  effect  of  oxygen  was  produced  by  alternating  oxygen  under 
pressure  and  a  vacuum  to  draw  out  the  volatile  substances. 

The  well-known  difference  between  the  results  obtained  in  weatherometers  of 
different  types  and  those  obtained  under  atmospheric  conditions  is  apparently 
due  to  the  fact  that  in  the  weatherometer  the  action  of  heat,  lig^t,  and  moisture 
is  intensified,  while  the  fundamental  action  of  atmospheric  oxygen  is  not. 

Changes  were  made  in  the  •’ accelerated  aging  appatratus"  (Fig.  l)**bo  eliminate 
some  of  its  deficiencies  [2].  The  apparatus  was  heated  externally,  by  means  of 
a  coil  of  wire,  which  improved  the  temperature  regulation^  to  increase  the  capa¬ 
city  of  the  apparatus,  the  100 -watt  lamp  was  replaced  by  a  considerably  smaller 
one  -  a  40-watt  6-volt  automobile  headli^t  lamp. 

A  steel  framework  was  used  to  suspend  the  samples,  instead  of  a  grid.  The 
operating  schedule  of  the  apparatus  was  also  changed  somewhat.  The  first  4  hours 
of  aging  were  scheduled  as  follows s  1  hour  under  pressure  +  1  hour  under  vacuum, 
etc.  In  the  ensuing  period  each  cycle  consisted  of  the  following,  owing  to  the 
decrease  in  the  decomposition  products  evolveds  2  hours  under  pressure  +  1  hour 
under  vacuum.  The  temperature  was  maintained  within  the  +80  to  +90®  range. 

The  oxygen  j)res sure  was  5.O  to  4.5  atmospheres.  The  vacuum  set  up  by  a  vacuum 
pump  was  50  nim  mercury  column.  One  hour  of  exhaustion  after  each  operating 
cycle  was  practically  sufficient  to  remove  the  volatile  decomposition  products. 
For  the  tests  [3]  we  prepared  film  sampless  l)  on  glass  plat’esj  and  2)  on 
sheets  of  li^t  sheet  iron.  Some  of  the  samples  were  made  up  as  so-called  "  free 
films”.  The  glass  plates,  1-1. 5  nim  thick,  were  5  x  10  cm,  2.5  x  6  cm,  and  2.5  x 
10  cm  in  size. 

The  films  deposited  on  them  were  tested  for  hardness  (with  the  impact  mach¬ 
ine  -  All-Union  Standard  No.  10086*39) ^  Tor  solubility,  and  for  loss  of  weight. 

The  iron  sheets  were  made  of  li^t  sheet  irons  l)  5  x  10  cm  in  size  and  0.4 
^Report  X  of  a  series  on  the  polymerization  and  drying  of  oils  and  esters  of  the  fatty  acids. 

See  plate  p.  245. 
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mm  thick  for  the  subsequent  test  of  the  films  for  impact  strength^  and  2)  2.5  x 
5  cm  in  size  and  0.2  mm  thick  for  the  subsequent  test,  of  bending  strength. 

The  so-called  "free  films"  were  testeds  l)  for  elasticity  (reversible  deform¬ 
ation)  5  and  2)  by  determining  the  elementary  composition  of  the  films  at  various 
aging  stages.  Single-layer  coatings,  with  a  mean  thickness  of  25  +  5^  ,  were  ap¬ 
plied  to  the  glass  plates  and  iron  sheets.  The  "free  films"  were  prepared  as  two- 
layer  coatings  on  amalgamated  tin-plate,  9  x  12  cm  in  size,  the  overall  thickness 
of  the  film  averaging  ^5  +  5IJ-  ,  the  second  coating  being  applied  5  days  after  the 
first  one. 

The  film  samples  were  tested  in  the  accelerated  aging  apparatus  for  several 
cycles,  until  the  typical  outward  signs  of  aging  appeared.  The  degree  of  aging 
of  the  films  was  checked  every  two  cycles  as  a  rule  (i.e.,  after  every  8  hours 
of  operation  of  the  apparatus).  In  some  cases,  noted  in  Table  1,  this  procedure 
was  varied. 


Table  1  shows  that  the  film  produced  by  the  "cottonseed"  pentaerythritol  es¬ 
ter  was  the  best  preserved  after  48  hours  of  accelerated  aging. 

TABLE  1  . 


■ 

Aging 

Paint  vehicle 

time, 
hours  1 

"linseed"  pentaery¬ 
thritol  ester 

"  cottonseed"  penta¬ 
erythritol  ester 

I 

Tung  oil 

Linseed  oil 

4 

Films  almost  colorless,  with  slightly  yellowish  tinge  and  slight  luster 

8 

,  Increased  luster 5  films 

turned  yellow 

16 

1  No  change  in 
luster 

No  change  in 
luster 

1  Luster 

1  diminished 

No  change  in 
luster 

24 

Iron  begins  to  be 
exposed 

Unbroken 

film 

j Unbroken  film, 
crinkled  in  places 

5^  of  the  iron 
exposed,  some 
pock  marks 

52 

5f)  of  the  iron 
exposed 

Unbroken 

film 

15^  of  the  iron 
!  exposed 

5^  of  the  iron 
exposed 

48 

Luster  diminished 
Fine  network 

10^  of  the  iron 
exposed 

\ - 

5^  of  fbe  iron 

1  exposed 

No  luster,  some 
pock  marks,  fine 
cracks 5  10^  of  the 
iron  exposed 

Luster  dimin¬ 
ished,  fine 
cracks 5  20^  of 
the  iron  ex¬ 
posed 

The  anticorrosion  properties  of  the  tested  paint  vehicles  were  determined  by 
applying  single-layer  coatings  of  the  latter  to  iron  sheets  and  testing  the  latter 
in  the  accelerated-aging,  apparatus,  using  a  somewhat  different  schedule.  Twenty 
cm^  of  water  was  introduced  into  the  accelerated-aging  apparatus  in  the  form  of 
steam  through  a  nozzle  in  the  cover  from  a  rubber  tube  connected  to  a  steam  boiler 
before  every  admission  of  oxygen. 

The  steam,  which  condensed  on  the  surfaces  of  the  sheets  at  a  temperature  of 
80-90®,  was  introduced  in  order  to  provide  a  medium  that  promotes  corrosion.  No 
signs  of  corrosion  appeared  on  the  sheets  when  no  steam  was  present,  probably  be¬ 
cause  the  surface  of  the  iron  was  passivated  by  the  oxygen.  This  was  confirmed 
by  a  test  of  such  passivated  sheets  in  the  accelerated-aging  apparatus,  no  corros¬ 
ion  being  observed  beneath  the  film  after  52  hoiirs  of  test  with  steam  passed 


254 


Fig.  5‘  Hardness  of  films  as  aging 
progresses  in  the  accelerated-aging 
apparatus 

PilBB;  l“Tung  oil;  2-linseed  oil;  3-”linBeed" 
pentaerythritol  ester;  4“ "cottonseed'  penta- 
eiythritol  ester. 


Fig.  2.  Increase  in  corrosion 
underneath  the  f-ilm  as  aging 
progresses'  in  the  accelerated- 
aging  apparatus, 

Pilffls;  1-Tung  oil;  2-llnseed  oil;  3-lJlinseed" 
pentaerythritol  ester;  4-  cottonseed  penta¬ 
erythritol  ester.  i 


Figo  5*  Corrosion  compared  with 
chiaSges  in  the  mechanical  proper 
ties  of  the  film. 


Fig.  4.  Elasticity  of  the  films, 
in  per  cent,  as  aging  progresses 
in  the  accelerated-aginfi  apparatus, 

PilnB;  ItTung  oil,  2- linseed  oil;  3-!!lin8eed" 
pentaerythritol  ester;  4-^ "cottonseed  '  penta¬ 
erythritol  ester.- 


l-Corrosicn;  2-hardness;  3-elasticity 


through  the  apparatus.  Plates  that  had  not  been  passivated,  however,  began  to 
corrode  after  only  8  to  l6  hours  of  aging  in  the  apparatus.  The  method  of  de¬ 
termining  the  extent  of  corrosion  by  weighing  the  sheets  after  the  films  and  the 
rust  had  been  removed  chemically  did  not  yield  perceptible  results  in  these  ins¬ 
tances.  Since  the  films  were  rather  transparent,  it  was  better  to  determine  the 
corrosion  planimetrically,  i.e.,  by  computing  its  spread  over  the  surface  of  the 
metal  in  per  cent.  These  results  are  plotted  in  Fig.  2,  The  film  produced  by 
the  "  cottonseed"  pentaerythritol  ester  provided  the  best  protection  against  cor¬ 
rosion.  The  film ^formed  by  the  tung-oil  vehicle  proved  to  be  least  stable,  even 
after  only  40  hours  of  aging. 


The  hardness  of  the  film  on  the  glass  was  measured  by  the  damping  of  a  sec¬ 
ond-pendulum's  oscillations.  The  curves  in  Fig.  plotted  from  the  tabular  data, 
indicate  that  during  the  aging  process  in  the  accelerated-aging  apparatus  the 
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hardness  rises  sharply  at  first  for  nearly  all  the  films.  Toward  the  end  of  the 
test,  though,  the  hardness  changes  more  slowly.  The  sole  exception  is  the  tung- 
oil  vehicle,  the  hardness  of  which  ro?e  sharply  at  first,  and  then  began  to  drop 
off,  apparently  because  of  the  crinkling  of  the  surface.  In  the  film  formed  by 
the  linseed-oil  vehicle  the  intensive  destruction  of  the  three-dimensional  poly¬ 
mer  began  to  make  itself  felt  during  the  final  stage  of  aging;  the  surface  began 
to  be  ’’crackled”  with  fissures. 

The  elasticity  was  tested  with  the  ’’free  films,”  strips  50  x  5  nini  of"  which 
were  cut  off,  not  counting  the  extra  length  required  for  fastening  in  the  clamps. 

The  test  results  are  given  in  Fig.  k.  The  figure  shows  that  after  drying  and 
before  the  beginning  of  the  aging  test,  the  films  possessed  lower  reversible  de¬ 
formation  strength;  the  films  became  more  elastic  than  they  were  at  the  start 
after  the  first  few  hours  of  accelerated  aging.  This  increase  in  elasticity  was 
due  to  the  fact  that  the  polymerization  of  the  film  was  probably  complete  after 
8  hours  of  aging,  which  increased  its  ability  to  undergo  reversible  deformation. 
As  aging  progressed,  the  elasticity  of  the  films  dropped  sharply,  after  which  the 
films  possessed  no  elongation  at  all,  becoming  brittle  and  breaking  when  the 
slightest  force  was  applied  to  them. 

As  we  see  in  Fig.  there  is  no  linear  relationship  between  corrosion  and 
the  change  in  the  mechanical  properties.  The  ultimate  tensile  strength  rose 
during  the  initial  aging  period,  but  dropped  off  later. 

The  change  in  weight  during  the  aging  process  was  measured  in  the  films  ap¬ 
plied  to  the  glass  plates.  The  initial  wei^t  of  each  of  these  films  was  taken 
as  100^. 

The  curves  reproduced  in  Fig.  6  indicate  that  the  tung-oil  vehicle  exhibited 
the  greatest  loss  in  weight  after  48  hours  of  aging  in  the  accelerated-aging  ap¬ 
paratus.  This  was  apparently  due  to  its  containing  esters  of  the  highly  unsat¬ 
urated  eleostearic  acid,  as  a  result  of  which  the  reaction  of  oxidative  decompos¬ 
ition,  principally  in  the  liquid  phase,  was  intensified  in  it. 


Fig.  6.  Per  cent  decrease  in  wei^t 
of  films  as  aging  progresses  in  the 
accelerated-aging  apparatus . 

Films:  1-Tung  oil;  2-linseed  oil;  3-"linseed” 
pentaerythritol  ester;  4- ’’cottonseed"  penta- 
erythritol  ester. 
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Fig.  7*  cent''  increase  of  the  solid 
three-dimensional  polymer  in  the  ""films 
as  a  function  of  aging  time  in  the 
accelerated-aging  apparatus . 

Films:  1-Tung  oil;  2-lins^d  oil;  3-’'linseed’’ 
pentaeprthritol  ester;  4-’’cottonseed’’  penta  - 
eiythritol  ester. 


The  solubility  of  the  films  after  drying  and  aging  was  determined  by  extract¬ 
ing  the  films  applied  to  the  glass  plates  in  the  usual  manner  in  a  Soxhlet  appa¬ 
ratus.  Benzene  was  used  as  the  solvent.  The  films  dried  at  20®  were  extracted 
on  the  15th  day  after  their  application.  The  films  that  had  been  tested  for  12, 

2k f  and  48  hours  in  the  accelerated-aging  apparatus,  were  extracted  the  very  same 
day  that  their  test  in  the  apparatus  was  completed. 

Each  of  these  films  was  extracted  for  6  hours  at  80® .  Vflien  the  test  was  over, 
the  films  were  dried  to  constant  weight.  The  solubility  of  the  films  during 
various  aging  stages  was  determined  from  the  difference  in  weight  before  and  after 
extraction. 

Fig.  7  shows  that  as  aging  progressed,  all  the  films  became  less  soluble, 
and  that,  therefore,  the  percentage  of  the  three-dimensional  polymer  increased. 

The  minimum  solubility  was  exhibited  by  the  film  produced  by  the  tiong-oil  vehicle. 

For  the  sake  of  comparison  we  cite  below  data  on  the  percentage  of  the  three- 
dimensional  polymer  after  6  months  of  natural  aging  of  films  under  atmospheric 
conditions  and  after  420  hours  of  accelerated  aging  of  the  same  films  in  the 
weatherometer . 

TABLE  2 

Comparison  of  Film  Aging  Conditions  as  a  Function  of  the  Percentage 
of  the  Three-Dimensional  Polymer 


Paint  Vehicle 

Aging  conditions 

Linseed  pentaery- 
thritol  ester 

Cottonseed  penta- 
erythritol  ester 

Tung  oil 

Linseed 

oil 

After  6  months  of 
natural  aging  . 

75.52 

72.44 

88,10 

61.65 

After  420  hours  of  accel¬ 
erated  aging  (in  the 
weatherometer)  . 

95. in 

90.90 

97.85 

95.05 

As  we  see  from  a  comparison  of  the  data  in  Table  2  with  the  curve  in  Fig. 

5,  aging  under  natural  conditions  or  in  the  weatherometer  left  more  of  the 
soluble  phase  in  the  films  than  did  aging  in  the  accelerated-aging  apparatus. 

The  principal  reason  for  these  discrepancies  is  obviously  the  presence  of  a 
vacuum  in  the  accelerated-aging  apparatus,  -which  promotes  the  evacuation  of  the 
decomposition  products  of  the  liquid  phase  in  various  films  at  different  rates. 
Moreover,  the  action  of  oxygen  under  pressure  increases  with  different  rates  of 
transition  from  this  phase  to  the  insoluble  three-dimensional  polymer. 

We  prepared  oil  paints  to  solve  the  problem  of  whether  pigmented  films  ex¬ 
hibit  the  same  behavior  patterns  as  pure  oil  films  during  their  accelerated  aging. 
Red  ocher  was  used  as  the  pigment.  The  same  paint  vehicles  were  used  as  film 
bases  as  were  used  in  all  the  previous  tests. 

The  red  ocher  contained  95^  of  Fe203,  in  terms  of  the  dry  substance,  2.4^  of 
moisture,  and  0.9^  of  water-soluble  salts.  It  did  not  contain  any  chlorides  or 
sulfides.  Its  reaction  was  neutral.  The  oil  paint  was  prepared  from  76  parts 
of  minium  and  24  parts  of  the  vehicle  (covering  power  55  g/om^j  fineness  30-4o). 
These  figures  meet  the  specifications  of  the  All-Union  Standards,  People's  Com¬ 
missariat  of  Hea-vy  Industry  Nos.  T8i4/755  and  8163/1082. 

Clean  sheets  of  light  sheet  iron  were  covered  with  a  single  layer  of  red-ocher 
oil  paint  45+51^  thick.  The  other  side  of  the  sheet  received  a  priming  coat  of 
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No.  137.  Fifteen  days  after  they  were  painted,  the  sheets  were  subjected  to  aging 
in  the  accelerated-aging  apparatus,  where  they  were  kept  for  48  hours  according 
to  the  schedule  set  forth  above. 

Table  5  gives  the  anti-corrosion  properties  and  the  external  changes  in  the 
pigmented  films  that  were  age-tested  in  the  accelerated-aging  apparatus. 

TABLE  3 

Changes  in  Pigmented  Films  Age-Tested  in  the  Accelerated-Aging 

Apparatus 


Aging  [ 

Pienented  films 

time, 

hours 

Linseed  pentaery- 1  Cottonseed  penta-  j  m  j-, 

thritol  ester  ferythritol  ester  I  ° 

Linseed  oil 

0 

16 

Brick  brown  color;  matte  luster 

Films  turned  dark;  luster  disappeared;  no  corrosion  found 

52 

All  the  films  turned  very  dark;  chalking  set  in 

48 

j  2-3^  corrosion  j2-3^  corrosion  ^  10^  corrosion  | 

1 

5^  corrosion 

Marked  corrosion  set  in  only  toward  the  6nd  of  the  test.  The  film  was  re¬ 
moved  from  the  surface  of  the  metal  in  order  to  compute  the  area  affected  by 
cjorrosion  after  48  hours  of  aging.  The  film-forming  material  manifested  the  same 
effect  upon  the  anti-corrosion  properties  of  red-ocher  coatings  as  when  no  pig¬ 
ment  was  used. 

As  is  usually  the  case,  pigmented  films  proved  to  be  better  anticorrosion 
coatings  than  the  corresponding  unpigmented  films.  The  change  in  luster  and 
color  of  the  pigmented  films  set  in  somewhat  earlier.  The  films  cnnsisting  of 
pigmented  pentaerythritol  esters  proved  to  be  the  best  coatings. 
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CHANGES  IN  THE  ELEMENt ARY  COMPOSITION  OP  OIL 

i 

FILMS  DURING  VARIOUS  AGING  PROCEDURES* 


A  Ya.  Drinberg  and  M. ;  G.  Rokhlin 

LenBovlet  Institute  of  Technology,  Leningrad 

An  elementary  analysis  has  been  made  of  several  oil  films  in  order  to  provide 
a  more  complete  characterization  of  the  processes  involved  in  the  change  of  chan- 
ical  composition  of  the  films  as  the  result  of  drying  and  aging.  We  selected  for 
this  purpose  two  types  of  films  produced  from  linseed-oil  esters  and  acids,  viz . s 
linseed-oil  films  and  films  of  esters  of  pentaerythritol  and  the  fatty  acids  of 
linseed  oil.  ' 

The  elementary  analysis  employed  the  method  of  combustion  with  cupric  oxide. 
The  following  materials  were  testeds  a)  the  initial  oilj  b)  free  films  after  they 
had  been  dried  and  aged  for  6  months  under  natural  conditionsj  and  c)  free  films 
after  24  hours  of  aging  in  the  accelerated-aging  apparatus. 

Not  all  parts  of  the  surface  "aged*  equally,  owing  to  the  varying  thickness 
of  the  coatingj  we  therefore  reduced  the  experimental  error  by  using  average  pul¬ 
verized  samples  for  the  combustion  test. 

Moreover,  in  view  of  the  fact  that  the  tested  films  contained  a  siccative 
(amm punting  to  0.17^  of  the  oil  by  weight  in  terms  of  CoO),  we  corrected  the 
weight  of  the  initial  samples  accordingly.  This  correction  (which  was  of  the  or¬ 
der  of  the  fourth  decimal  place)  allowed  for  the  wei^t  of  the  ash  left  in  the 
boat  after  combustion.  The  data  on  combustion  of  the  films  are  listed  in  Table  1. 

The  analysis  data  enable  us  to  shed  some  light  upon  the  changes  that  occur  in 
oil  films  during  their  natural  aging  and  their  aging  in  the  accelerated-aging  ap¬ 
paratus.  In  comparison  to  the  composition  of  the  initial  oils,  the  films  analyzed 
after  they  had  been  aged  under  natural  atmospheric  conditions  were  considerably 
enriched  with  oxygen  [i],  whereas  the  films  that  had  undergone  an  intensive  aging 
in ‘the  accelerated-aging  apparatus  exhibited  a  considerable  loss  of  oxygen. 

This  phenomenon  is  apparently  due  to  the  fact  that  aging  under  natural  condi¬ 
tions  results  in  the  oxidation  of  the  liquid  phase  in  the  main,  much  of  the  lat¬ 
ter  remaining  in  the  film  for  a  long  time,  with  the  exception  of  the  low-molec¬ 
ular  compounds  that  separate  out  from  it  [2].  When  the  film  is  aged  in  the  ac¬ 
celerated-aging  apparatus,  however,  much  of  the  enriched  oxygen  in  the  liquid 
phase  is  exhausted  from  the  film  rapidly  by  the  vacuum  and  the  high  temperature. 
The  film  is  therefore  less  enriched  with  oxygen,  eind  hence  its  carbon  content, 
the  three-dimensional  polymer,  is  relatively  higher.  This  is  clearly  borne  out 
by  the  fact  that  films  lose  considerable  wei^t  during  aging  in  the  accelerated- 
aging  apparatus  and  contain  a  lower  percentage  of  soluble  products,  as  a  result 
of  the  losses  in  the  liquid  phase,  thus  becoming  brittle  and  hi^ly  crumbly. 


Report  XI  of  a  series  on  the  polymerization  and  drying  of  oils  and  esters  of  the  fatty  acids. 
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TABLE  1 


Elementary  Analysis  of  Oil  Films  After  Aging  Under  Natural  Conditions  and 
in  an  Accelerated-Aging  Apparatus  i 


Description  of  sample 

Wei^t  of 
film  be¬ 
fore  com¬ 
bustion,  g 

Wei^t  of  volatile 
products  after 
combustion,  g 

Elementary  composition, 
_ ^ _ 

CO2 

_ 

H2O 

C  j 

H 

0 

Analysis  of  Linseed-Oil  Films 

Composition  of  the  f 

0.1710 

0 . 4668 

0.1640 

7‘^.5 

10.65 

14.85 

crude  linseed  oil  . 

0.1918 

0.5250 

0.1872  ^ 

74.7 

10.85 

14.45 

Films  after  6  months  T 

0.1612 

0.5838 

0.1314 

64.95 

9o05 

26.0 

of  natural  agidg  . .  .'j_ 

0.1902 

0.4272 

0.1474 

64.7 

8.9 

26.4 

Films  after  2h  hours 

of  aging  in  the  ac-  f 

0.1874 

0.5562 

0.1358 

80.95 

8.05 

11.00 

celerated-aging  ap-  ^ 

0.1750 

0.5174 

0.1308 

80.65 

8.3 

11.05 

paratus . .  I 

Analysis  of  Linseed  Pentaerythritol-Ester  Films 


Composition  of  the  r 

ester  after  syn-  -| 

thesis  .  4 

0,1820 

0.1696 

0.4924 

0.4602 

O0I688 

0.1610 

73.8 

74.0 

10.5 

10.55 

15-9 
15  •‘*5 

Films  after  6 -months  J” 

0 . 1666 

0.4058 

0.1460 

66.45 

9.75 

23.8 

of  natural  aging  . . . 

Films  after  24  hours 

0.1582 

0.5858 

0.1326 

66.2 

9.45 

2‘^.35 

of  aging  in  the  J” 

0.1490 

0.4538 

0.1166 

79. “v 

8.7 

11.9 

accelerated-aging 
apparatus  . 

0.1722 

0.5028 

0.1300 

79.65 

8.4 

11.95 

The  data  listed  in  Table  1  indicate,  moreover,  that  the  oxygen  enrichment  of 
films  formed  by  natural  paint  vehicles  during  the  process  of  natural  aging  is 
higher  than  that  of  films  of  the  "pentaerythritol  ester",  which  also  age  more 
slowly. 

It  is  also  worthy  of  note  that  after  films  made  of  a  pentaerythritol  ester 
had  been  aged  in  the  accelerated-aging  apparatus,  they  retained  somewhat  more 
oxygen  that  films  made  of  the  linseed-oil  vehicle.  It  is  hard  to  say,  however, 
whether  this  was  due  to  the  higher  oxygen  content  of  the  initial  pentaerythritol 
ester  or  to  the  fact  that  films  made  of  the  pentaerythritol  esters  aged  more 
slowly  in  the  accelerated-aging  apparatus,  as  our  experiments  have  shown,  than 
films  made  of  the  linseed-oil  vehicle. 

The  aging  of  oil  films  when  various  accelerating  factors  are  allowed  to  act 
upon  them,  principally  light,  heat,  and  catalysts,  must  be  regarded  as  the  result 
of  the  chemical  action  of  oxygen,  exactly  as  in  the  drying  process  [i]. 

No  matter  what  the  methods  or  conditions  that  bring  about  the  aging  process, 
various  irreversible  physicochemical  changes  take  place  in  the  film  as  aging  pro¬ 
gresses. 

The  percentage  of  the  liquid,  plasticizing  phase  diminishes,  and  the  percentage 
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of  the  solid  phase  rises.  The  elasticity  and  solubility  of  the  films  diminish. 
The  anti-corrosion  properties  of  the  films  are  impaired,  and  their  disintegration 
is  accelerated. 

The  behavior  patterns  of  changes  in  the  nature  of  the  films'  anticorrosion 
properties  and  in  the  rate  of  their  disintegration  observed  during  the  aging  pro¬ 
cess  were  largely  dependent  upon  the  method  of  aging  employed. 


Whereas  corrosion  spread  underneath  each  film  at  different  rates  at  the  begin¬ 
ning  and  end  of  the  tests  during  siging  under  atmospheric  conditions,  as  a  natural 
result  of  the  inconstancy  of  meteorological  conditions,  corrosion  was -more  uniform 
during  artificial  aging. 

table  2 


Table  2  gives  a  sum¬ 
mary  of  our  data  on  the 
anticorrosion  properties 
of  oil  films,  as  tested 
after:  a)  6  months  of 
aging  under  atmospheric 
conditions 5  b)  k-20  hours 
of  testing  in  the  weath¬ 
er  ometerj  and  c)  48 
hours  of  aging  in  the 
accelerated-aging  appar¬ 
atus  . 


Data  on  the  Anticorrosion  Properties  of  Oil  Films 


Paint  vehicle  and 


Spread  of  corrosion  due  to  aging 
of  the  films,  in  ^  of  surface. 


iijju  | 

Under  at¬ 
mospheric 
conditions 

j In  the 
weather - 

j  ometer 

In  the  accel¬ 
erated-aging 
apparatus 

Linseed  pentaery¬ 
thritol  ester 

30 

30-35 

’20-25 

Cottonseed  penta¬ 
erythritol  ester 

10 

15-20 

15 

Tung  oil  . 

6o 

60-70  1 

50 

Linseed  oil  . 

40-50  1 

1  40-50  1 

35-40 

Table  2  shows  that 
the  final  changes  in  the 
anticorrosion  properties 

were  different,  depending  upon  the  method  used  in  the  aging  test.  The  overall 
pattern  of  the  changes  remained  the  same,  however,  irrespective  of  the  method  em¬ 
ployed:  all  three  methods  indicated  that  the  films  made  of  the  "cottonseed" 
pentaerythritol  ester  had  the  hipest  anticorrosion  properties,  while  the  tung- 
oil  film  had  the  lowest  ] .  Similarly,  the  anticorrosion  properties  of  the  film 
made  of  the  "linseed"  pentaerythritol  ester  proved  to  be  better  than  those  of 
the  natural  linseed  oil. 


As  for  the  chemical  changes  occurring  in  the  films  when  different  test  methods 
are  used,  they  also  differed,  at  least  during  the  initial  aging  sta^e,  depending 
upon  the  intensity  of  the  oxidation  and  polymerization  processes,  as  well  as  upon 
the  rate  at  which  the  products  of  oxidative  decomposition  were  removed  from  the 
films.  Since  the  rate  of  removal  of  the  volatile  oxidation  products  from  the  liq¬ 
uid  phase  was  not  high  during  aging  under  atmospheric  conditions  or  in  the  weather- 
ometer,  the  films  would  have  to  be  enriched  with  oxygen.  On  the  other  hand,  the 
films  that  were  tested  in  the  accelerated-aging  appsiratus  were  highly  "  impoverished* 
as  far  as  oxygen  was  concerned,  as  the  elementary-analysis  data  indicated,  owing 
to  the  evacuation  of  the  liquid-phase  products  that  were  enriched  with  oxygen. 

SUMMARY 

1.  Reports  IX,  X,  and  XI  deal  with  an  investigation,  of  the  aging  of  iron  coat¬ 
ings  based  on  vegetable  oils  and  the  pentaerythritol  esters  of  the  former's  acids. 

2.  Coatings  based  on  the  pentaerythritol  esters  of  the  acids  in  semidrying 
oils  provide  the  longest  anticorrosion  protection,  while  tung-oil  coatings  provide 
the  shortest.  This  relative  order  is  maintained  even  when  pigmented  films  are 
tested, 

3*  It  has  been  shown  that  there  is  no  direct  connection  between  the  anticor¬ 
rosion  properties  of  these  coatings  and  the  mechanical  properties  of  the  films. 
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In  comparing  the  changes  of  various  properties  stress  should  be  laid  upon  the  anti 
corrosion  properties, 

4.  A  comparison  of  the  aging  of  oil  coatings  under  atmospheric  conditions,  in 
the  Leningrad  Institute  of  Technology  weatherometer,  and  in  the  accelerated-aging 
apparatus  has  shown  that  the  results  of 'accelerated  tests  differ  from  those  made 
under  atmospheric  conditions,  though  the  order  of  the  various  vegetable-oil  mater¬ 
ials  remains  the  same  as  far  as  the  aging  rate  of  their  coatings  is  concerned, 
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LETTERS  TO  THE  EDITOR 


Dear  Sir: 

The  Journal  of  Applied  Chemistry  has  published  an  article  by  A. I. Zhilin,  An 
Investigation  of  Raw  Materials  for  the  Manufacture  of  Mineral  Wool,  *  in  which 
the  author  criticizes  our  paper,  Technological  Investigation  of  Raw  Materials 
for  the  Manufacture  of  Mineral  Wool,  published  in  19^67  **  in  the  pages  of  your 
Journal. 

According  to  A. I. Zhilin,  we  "made  uncritical  use  of  the  data  of  American 
authors  and  ignored  several  investigations  by  Soviet  research  workers,"  thus 
arriving  at  a  number  of  false  conclusions  in  our  paper.  Furthermore,  A. I. Zhilin 
systematically  accuses  us  of  "overestimating"  and  "uncritically"  approaching  the 
work  of  -McCaffrey,  of  employing  "obsolete"  methods  for  determining  the  flowabil- 
ity  of  melts,  etc.,  etc. 

Inasmuch  as  A. I. Zhilin’s  article  is  a  striking  example  of  unfair  criticism,, 
we  feel  we  must  bring  -the  following  facts  to  your  attention. 

Our  paper  ** ,  published  in  the  Journal  of  Applied  Chemistry,  was  a  description 
of  our  experimental  research  on  raw  materials  for  the  manufacture  of  mineral 
wool. 

The  experimental  section,  which  constituted  the  bulk  of  the  paper,  was  pre¬ 
ceded  by  a  survey  of  the  literature.  In  this  review,  we  cited  the  research  of 
Academician  Pavlov,  Academician  Levinson-Lessing,  Selivanov,  Dilaktorsky,  N.N. 
Kurnakov,  Kaufmsm.,  Khrapkovsky,  Chernyak  and  Aslanova,  Perkal  and  Epstein,  auad 
others.  We  also  cited  some  foreign  sources  (chiefly  the  patent  literature), 
including  the  McCaffrey  diagram  of  slag  viscositites. 

To  prove  his  assertion  that  we  paid  no  attention  to  Soviet  researchers,  A. 

I. Zhilin  cites  the  following  example.  Speaking  of  the  percentage  of  MgO  in  a 
melt  euid  criticizing  our  opinion  on  this  subject,  he  cites  a  paper  by  I.P.Semik, 
published  in  the  magazine  Steel.  •**  I.P.Semik’ s  paper  is  no  doubt  valuable  and 
interesting,  but  we  could  hardly  "ignore**  it,  since  our  paper  was  published  a 
a  whole  year  earlier. 

All  of  A. I. Zhilin’s  "criticism"  of  our  paper  boils  down  to  the  "uncritical 
use  of  the  data  of  American  authors,"  namely,  of  the  paper  by  McCaffrey  referred 
to  above. 

In  our  paper,  following  the  work  of  Academician  Pavlov,  we  cite  some  exper¬ 
imental  data  from  McCaffrey’s  paper. 

In  Academician  Pavlov’s  paper,  he  criticizes  McCaffrey’s  research,  and  we 
begin  by  mentioning  and  citing  this  paper  by  Academician  Pavlov. 

A. I. Zhilin  does  not  proceed  in  this  fashion.  In  his  book.  Slag  Wool,  ***•  he 
**J.‘“Appi7  tteml  23,ll7ll57ll956).  . 

**J.  Appl.  Chem.  21,3,195  (1948). 

***Steel  1  (1949). 

A.  I.  aiilin  and  E.  K.  Gai  rllov.  Construction  Press  (1946). 


writes;  ’’...The  first  of  our  observations  showed  that  the  slag  had  to  he  suffi¬ 
ciently  mobile  at  1300-1400®  to  ensure  good  fiber  formation. . . .  Frailing,  who  made 
use  of  the  well-known  (our  italics)’ work  of  McCaffrey  on  the  viscosity  of  slags, 
came  to  the  same  conclusion. . . * 

Thus,  in  his  own  book,  A. I. Zhilin  calls  McCaffrey's  work  well-known,  stress¬ 
ing  that  Trailing  came  to  the  same  conclusion  as  A. I. Zhilin,  i.e.,  he  extols  Me-' 
Caffrey' s  and  Frailing's  researches,  without  a  word  of  criticism. 

In  the  book  mentioned  above,  A. I. Zhilin  cites  scores  of  quotations  from  Amer¬ 
ican  sources,  without  a  word  of  criticism,  attributing  to  foreign  authors  the 
wholly  unmerited  honor  of  discovery  and  priority  in  production  of  mineral  wool, 
praising  this  production  abroad  and  characterizing  Soviet  production  as  "primi¬ 
tive"  (ibid. ,  p  6). 

A. I. Zhilin  criticizes  the  work  of  the  well-known  Russian  scientist  B.P.Seliv- 
anov,  asserting  that  B.P.SelivanoV s  "flowability  expression"  and  the  "filament 
method"  he  had  developed  for  determining  the  fluidity  of  slags  were  obsolete. 

A. I. Zhilin  states:  "In  the  initial  stages  of  slag  research,  the  method  of  determ¬ 
ining  fluidity  proposed  by  B.P.Selivanov  was  still  acceptable,  but  today  viscos¬ 
ity  is  everywhere  measured  in  poises."  Disparaging  the  merits  of  the  exception- - 
ally  simple  and  reliable  method  proposed  by  a  Russian  scientist,  A. I. Zhilin  makes 
an  assertion  that  is  untrue.  Indeed,  had  A. I. Zhilin  followed  the  domestic  liter¬ 
ature  attentively,  he  could  have  convinced  himself  that  the  method  of  Prof.  B.P. 
Selivanov,  which  he  had  consigned  to  the  archives,  the  "filament"  method,  is 
being  used  by  our  research  workers.  Academician  I. I. Chernov  has  presented  a 
paper  by  N.N.Kurnakov  and  others, *  in  which  extensive  use  is  made  of  the  B.P. 
Selivanov  method,  the  authors  concluding  that  "hence,  the  viscosity  in  the  molten 
state  does  not  indicate  the  flowability  of  melts,  determination  of  the  latter 
requiring  other  methods  and  devices  than  those  employed  in  viscosity  rese€u:ch. * 

A. I.  Zhilin  gives  our  scientific  workers  unsound  advice  on  problems  of  method. 

Censuring  us  as  people  who  approach  the  works  of  American  authors  without  the 
needed  analysis,  A. I. Zhilin  casts  doubt  upon  some  of  the  conclusions  in  our 
paper.  Here  is  a  sample  of  A. I. Zhilin's  "criticism." 

On  page  1064,  A. I. Zhilin  writes  that  we  fail  to  bear  in  mind  the  fact  that 
an  increase  in  the  percentage  of  MgO  diminishes  the  viscosity.  In  our  paper,' the 
following  is  to  be  read  on  P.  197  in  this  connection; 

"...the  introduction  of  up  to  MgO  into  the  melt  diminishes  the  latter's 
viscosity  appreciably.  Any  further  increase  in  the  MgO  percentage  makes  the 
melts*  even  more  fluid,  so  that  at  15-20^  MgO  the  viscosity  of  the  slags  is  6  to 
8  times  less  than  that  of  slags  containing  no  MgO..." 

Further,  we  point  out  in  our  paper  (P.  20l)  that  the  viscosity  of  the  melt, 
to  which  A. I. Zhilin  refers,  may  be  decreased  by  "raising  the  MgO  content,"  but 
that  this  is  undesirable,  since  this  is  disadvantageous  in  the  given  case  - 
with  a  low  percentage  of  FegOa  -  and  "would  result  in  raising  the  melting  point." 

These  quotations  suffice  to  demonstrate  that  what  A. I. Zhilin  lacks  is  self- 
criticism  of  his  own  work,  and  that  his  "criticism"  is  not  objective. 

Respectfully  yours, 

V.  Zhuravlev  and  M. Sychev. 

T - 
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A  Photocolorimetric  Method  of  Determining  Snail  Quantities 
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Iron  Against  Corrosion  p.  233 


Pig.  1.  Cross-section  of  the  hieh  speed  apparatns 


I- oxygen  tank;  2-baising  i>f  the  hisii-speed 
apparatus;  3-cover;  4-TalTe;  S-mancneter;  6-iwark 
plugs;  5-theraometer;  S-electrlc  bulb  (40  watt, 

60  volt);  O-sanple  frame;  10-cup  with  silica  gel; 

II- eleotric  heating  coil;  12-traiisfomer; 

13-tube  leading  to  vacuum  pump;  14-a8bestos 
insulatlcD;  15-sheet  with  coating  to  be  tested. 


Fig.  1  Simple 


Fig.  2  Compound  bellzes-cataiyst  carriers 


Fig.  3  Compound  helixes  coated  with  catalysts 


a-eopper;  b-lron;  c-alumlnum;  d-nlokellne;  e-nlofarome 


a-elumlnum  coated  chemically  with  alumina;  b-nlohrome 
otMted  thermally  with  platinum;  o-niohroae,  coated 
with  alumina;  d-niohrome,  coated  with  clay. 
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